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THE PROGRESS OF SCIENCE 


ATOMIC DEVELOPMENTS: GOVERNMENT 

TC REVISE ATOMIC ENERGY ACT 
On April 4 yet another atomic story of importance broke 
on the front page of the Dui/v Express. This contained the 
first news of the plan to remove part of the responsibility 
for atomic work from the Ministry of Supply and transfer 
it to some non-departmental organisation. In the same 
story it was stated that the details of the new organisation 
were being worked out by an expert panel headed by Lord 
Waverley. 
scooping the rest of the press, and the Ministry of Supply's 
information service, with the news of major developments 
in the atomic field. it was no surprise to find his story con- 
firmed in all essential details when, just twenty-five days 
later, an official pronouncement was made tn Parliament by 
the Prime Minister. 

On April 29 the Prime Minister stated that the Govern- 
ment had set up a committee, comprising Lord Waverley 
(chairman), Sir Wallace Akers and Sir John Wood to devise 
a plan for the transfer of responsibility for atomic energy 
from the Ministry of Supply to a non-departmental organi- 
sation. He explained that in working out the most suit- 
able form for the new organisation the committee would 
pay due regard to any constitutional and financial implica- 
tions. He also made it clear that overall policy must 
remain firmly in the hands of the Government, and that the 
method of financial control would have to be closely studied 
because for some time to come almost the whole of the cost 
would have to be met from public funds. The decision had 
been taken in the interests of the most rapid and economical 
development of atomic energy, both military and industrial. 

Any radical organisational change will naturally neces- 
Sitate revision of the Atomic Energy Act of 1946. 

The idea of the Ministry of Supply losing this responsi- 
bility was not a new one, of course, and should not have 
occasioned the surprise it appeared to arouse when the 
Prime Minister made his statement. 

As long ago as January 1952, DiscOovERY printed a sub- 
Stantial note about the Government's recognition of the 


In view of Chapman Pincher’s practice of 
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need for ‘organisational changes’ in the atomic field. 
Readers may recall that in December 1951, Churchill had 
spoken tn Parliament of the “considerable if slow progress” 
that had been made here, but had added quite emphatically 
that “we hope that in this as in other matters, by different 
methods of organisation and administration to effect some 
improvements . 

Along with the surprise evinced by some critics of the 
Government's proposal to transfer atomic energy work to 
a new non-departmental organisation went a readiness to 
argue that the only person in favour of such a change ts 
Lord Cherwell. Their surprise can only suggest that these 
critics were not weil informed, for the possibility of such an 
organisational change was mooted a long time ago. Their 
suggestion that Lord Cherwell is a lone wolf crying in the 
wilderness is equally remote from the facts. Many people 
disagree with Lord Cherwell on many matters, but with re- 
gard to atomic energy and the best methods of encouraging 
development work tn this field he holds ideas with which a 
large number of those most actively engaged in the British 
atomic project agree. A change seems to be imperative for 
the reason that the Ministry of Supply is the department 
designed to deal with the provision of weapons and equip- 
ment for the Services: many lines of atomic work have 
developed which have no direct connexion with atomic 
weapon development and production and the Ministry 
would in fact be dealing with many irrelevant sidelines if 
it were to continue to look after all of these. 

The Government has clearly indicated that it has already 
definitely decided to transfer some responsibility for atomic 
energy work from the Ministry of Supply, though one 
anticipates that this department will continue to be con- 
cerned with major matters in the field of atomic weapons. 
The committee headed by Lord Waverley is solely concerned 
with working out details of a new type of organisation that 
can relieve the Ministry of Supply of some of its adminis- 
trative duties in connexion with atomic energy. 


*~ x 


A written answer by the Supply Minister, Mr. Duncan 
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Sandys, in the House of Commons on May 4, though it 
contained no startlingly new information, is worth repro- 
ducing as it provides a clear-cut statement as to the special 
functions of the Ministry's various atomic energy estab- 
lishments. The answer was as follows: 

The Atomic Energy Research Establishment at Harwell, 
in Berkshire, is responsible for fundamental research into 
nuclear physics and atomic energy, and provides basic 
scientific information to the other establishments. 

The Radio-chemicai Centre at Amersham, in Bucking- 
hamshire, is a dependency of the Harwell Establishment. 
It is concerned with preparing radioactive substances such 
as radium, radon and radioactive isotopes produced in the 
atomic piles. These are used for medical, scientific and 
industrial purposes. 

The production of fissile material is directed from head- 
quarters at Risley, near Warrington, where the design and 
planning offices are situated. Production factories are 
situated: at Springfields, near Preston, where pure uranium 
is produced from uranium concentrates; at Windscale, in 
Cumberland, where plutonium is produced from uranium 
by means of atomic piles: at Capenhurst, in Cheshire, 
where there is a gaseous diffusion plant for separating the 
uranium isotope U235 from the more abundant isotope 
L238, thus providing a fissile material which can be used as 
an alternative to plutonium. 

Research work on atomic weapons is carried on at the 
establishment at Aldermasion, in Berkshire, and its out- 
stations at Woolwich and Fort Halstead. 


* * . 7 x 


Another written reply from the Supply Minister (April 
30) gave some news about the advanced type of breeder pile 
announced on January 26. It was stated in January that a 
full-scale breeder pile was being designed, and that the 
Ministry was seeking a site on which to erect it. The addi- 
tional information given in April was to the effect that this 
pile. now described as “an experimental power station’, will 
be built on the Calder Hall site alongside the Ministry's 
atomic energy establishment at Windscale, Cumberland, 
which makes plutonium. An immediate start on the pre- 
paration of the building site was promised. 


CHEMICALS ON THE FARM: 

A LEGAL SAFETY CODE 
During the past twenty-five years chemical warfare has been 
waged against the insect pests of agricultural crops with 
ever-increasing Vigour, and in the same period it has become 
possible, as a result of the discoveries of plant physio- 
logists working in close contact with industrial chemists, to 
improve the chemical method of extirpating weeds from 
farm land. 

A glance at the statistics for losses due to pests and weeds 
brings home the reason why the chemical industry has 
devoted so much effort to the production of insecticides and 
weedkillers. For the world as a whole it has been estimated. 
by Prof. R. L. Wain of Wye College, that the loss of crops 
caused by pests is 30°, a tremendous loss which ts made the 
more serious because of the increasing demand for food 
from the world’s rapidly increasing population. Crop 
losses in Britain are estimated as equivalent to £80 million 
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which is equal to a total waste of the efforts of over 50,000 
skilled farm labourers out of Britain’s labour force of about 
800,000: the reader who wants more details here cannot do 
better than consult the book Untaken Harvest* by George 
Ordish, agricultural economist to Plant Protection. The 
figure given is for losses due to pests: it does not include the 
loss caused by weeds, which can be very large-—in the case 
of wheat grown in Britain weeds can reduce the yield by 
about 30”.. 

The variety of chemicals introduced into farming practice 
has been greatly increased in the past quarter of a century. 
In the 1930s only a short list of insecticides was in common 
use, and none of them was dangerously toxic to the human 
beings who had to handle them on the farms: even the 
arsenic compounds used in orchards offered no risk when 
properly handled, as they were not poisonous to humans 
unless ingested. 

The situation altered radically in the 1940s, and among 
the many chemical weapons which became available to the 
farmer were several substances extremely toxic to human 
beings. The risks were fully recognised by such large 
spraying contractors as Pest Control of Cambridge, who 
employed and consulted scientists and medical men, 
including toxicologists, and were thus able to work out a 
safety code which practically eliminated all risks from 
spraving operations involving the use of dangerous chemi- 
cals. Elaborate safety precautions were needed, and in 
fact the men who were sent out to spray crops by these 
contractors were given clothing very similar to the outfit 
developed during the war for the personnel of gas decon- 
tamination squads. But quite a number of farmers applied 
these new chemical measures without taking such _ pre- 
cautions, and the result was that several farm workers were 
killed by DNC (dinitro-orthocresol). It should be noted 
that these fatalities occurred when DNC was being used for 
weedkilling, and not as a fruit-tree wash. 

The Government was forced to investigate this matter, 
and eventually, at the end of last year to be exact, a law was 
passed to control the use of poisonous agricultural chem!- 
cals—the Agriculture (Poisonous Substances) Act. The 
substances covered by the original act included dinitro- 
phenols, dinitro-substituted phenols, organo-phosphorus 
compounds. Specifically listed in the schedule of dangerous 
agricultural chemicals* which has since been tssued are 
DNC, dinoseb, parathion, schradan, dimefox, mipafox 
and TEPP (HETP). 

The law now provides a mechanism whereby trouble can 
be anticipated before it occurs, for the act could be applied 
to any new insecticide, fungicide or weedkiller of practical 
value before it came into widespread application in agri- 
culture. Incidentally the type of protective clothing, and 
indeed the whole of the safety code specified in the act, 
follows that which the most efficient spraying contractors 
have been using for a long time. 

It is to be hoped that the Government has made arrange- 
ments for samples of all new substances developed with the 
aim of increasing the efficacy of pest control measures to be 
tested by toxicologists, for such a provision seems essential 
if the intentions behind the legislation are to be fulfilled. 

* Untaken Harvest; published by Constable, 1952, price I5y. 

+ Statutory Instruments 1953, No. 3588. 
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There is no doubt that the uncontrolled use of these 
toxic Chemicals has given rise to considerable public 
alarm. The grounds for that alarm have now been largely 
removed, but there is one matter about which many people 
will continue to have some suspicions. The public requires 
some authoritative assurance that the residues of toxic 
chemicals which remain after an agricultural spraying 
programme are altogether too minute to cause any trouble 
when fruit, vegetables and cereals so treated are eaten. 
In the U.S.A., data justifying such an assurance has been 
collected. Thus a recent report by Dr. V. G. Heller and 
R. A. Nyquist to the American Chemical Society was able 
to State that spraying with parathion and lindane carries 
with it only “a very small probability of the existence of 
any dangerous quantities of spray residues” on vegetables 
reaching the consumer. (They stated, incidentally, that as 
much as 97°, of the residue of insecticide on vegetables 
was removed, in recent tests, by thorough washing and 
cooking in an ordinary saucepan; they quoted a lower 
percentage for pressure-cooked vegetables, which suggests 
that it is advisable to wash vegetables very thoroughly 
before putting them in a pressure-cooker. ) 

The U.S. Food and Drug Administration keeps a very 
constant and acute watch upon any new development 
which might carry some risk of food poisoning. In this 
sphere there is need for constant vigilance; here it is better 
to be sure than sorry, and therefore to err on the side of 
safety, as did the U.S. Administration when it banned the 
use of DDT on dairy farms after the presence of this 
insecticide in milk had been detected. The British authori- 
ties are every bit as vigilant in such matters, but they would 
be well advised to publicise their activities and findings 
more widely. With so many chemicals being used in the 
production, storage and processing of foodstuffs, people 
are Suspicious about the quality of the food they eat. It is 
time that the attempt was made to neutralise those sus- 
picions, which are largely unjustified. Nothing less than the 
full facts presented to the public by a Government depart- 
ment can completely meet the case, but even without 
Government action industrial and commercial concerns 
could do much to restore public confidence. 


THE FARADAY SOCIETY’S 

FIFTIETH BIRTHDAY 
One automatically associates the name “Faraday Society” 
with physical chemistry, yet one does not immediately 
think of describing Faraday as a physical chemist. Indeed 
the reason why the society should be called after Faraday 
remains something of a mystery, until one looks at the 
Original objects for which the society was founded. The 
society was started in 1903 to promote electrochemistry, 
electrometallurgy, chemical physics—and kindred subjects. 
The last phrase left the way open for considerable extension 
of the society's sphere of interest and influence, and today 
that fact may tend to eclipse the salient point that the 
society's originators put great emphasis on electrochemistry. 
In this field Faraday did pioneer work, and established 
the two well-known laws of electrolysis which are com- 
monly known as “Faraday’s Laws”. 

In connexion with the question of how the society got its 
name, there is some significance in the fact that the decision 
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This picture shows the type of clothing which one big 
firm has found gives etfective protection against toxic 
chemicals used in agricultural spraying operations. 
Note the hood that protects head and neck, and the 
visor covering eyes and face. Overalls shield the 
operators ordinary clothing and his skin from the 
spray: rubber gloves protect his hands and wrists, and 
the operator wears gum boots. Even greater safety 1s 
ensured when the tractor used In spraying operations 
is fitted with a gas-proof, air-conditioned cab which 
totally encloses the operator. 

(Photo, Pest Control Ltd.) 


to found it was made at a meeting held in the premises of 
the now defunct Faraday Club. 

The Faraday Society has just been celebrating its jubilee. 
Included in the celebrations was a scientific discussion 
the society always calls its symposia “general discussions” 

-and this took place appropriately in the Royal 
Institution, where Faraday carried out his researches. 

Many a scientific advance has followed upon a successful 
attempt to bridge a gap separating two sciences, and the 
Faraday Society has gained world fame because the general 
discussions it organises have brought scientists of many 
different disciplines together, and has contributed so much 
towards the bridge-building processes upon which the 
progress of science so largely depends nowadays. The 
official definition of the Society's objects is the promotion 
of “the study of sciences lying between chemistry, physics 
and biology’, and this description is of recent origin, dating 
back only as far as 1951. The Society's importance has 
Steadily increased for another reason; chemical engineering 
practice has involved the practical application of more and 
more physical chemistry, with the result that today the 
Society is recruiting many new members from the chemical 
industry. 

These general discussion meetings, of which a hundred 
have been held, were rather a novelty when they were 
started in 1907. They were not devoted to the reading of 
papers on unrelated topics, as was the custom at most 
contemporary scientific meetings. Instead each meeting 
was designed to focus interest on a particular topic. The 
first general discussion, for example, was on “Osmotic 
Pressure’; the 100th, held in April during the jubilee 
celebrations, was on “The Equilibrium Properties of 
Solutions of Non-electrolytes’. The formal papers were 
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not read by their authors but issued in the form of pre- 
prints sufficiently in advance to enable those attending to 
have studied them critically before the meeting. In this 
way the whole of the meeting could be spent in discussion, 
and this somewhat new approach to the technique of 
getting many different scientists to air their views on a 
particular topic proved so successful that many other 
societies followed the lead of the Faraday Society. The 
spontaneity of verbal discussion doubtless accounted for 
the fertile speculation so characteristic of such meetings. 
These discussions are fully recorded in the Transactions 
of the Faraday Society, and an examination of these reveals 
that many new ideas of fundamental importance were first 
advanced in course of Faraday Society discussions. An 
example from the 1921 meeting on chemical kinetics is 
worth quoting. On that occasion Prof. Lindemann (now 
Lord Cherwell) undermined the old radiation explanation 
of the nature of unimolecular reactions by suggesting a far 
better hypothesis of his own, which was eventually de- 
veloped into the Hinshelwood-Lindemann theory. It needs 
to be stressed that Lindemann’s idea was not contained ina 


preprinted paper: it arose spontaneously in the course of 


the general discussion. 

The Society's Transactions have an indispensable place in 
scientific literature. Such is the demand for back numbers 
that a scientific book publisher recently reprinted and found 
a ready Sale for the first twenty volumes of the Transactions. 
Those readers who have occasion to consult the reprinted 
Transactions may be interested to learn that they were 
produced on the same offset-photolitho plant which prints 
DISCOVERY 


SHRINK-PROOF WOOL 


The Australians have just announced a new methed of 
shrink-proofing wool, which apparently represents some- 
thing more than just the addition of another process to the 
already long list of shrinking-proofing methods. The new 
anti-shrink treatment, which has been developed by 
C.S.1.R.O. scientists and ts known as the Belmont process, 
depends on the deposition of a small amount of synthetic 
resin on to the wool. This type of treatment ts not radically 
new, for both resins and rubbers have been used for some 
years to ‘load’ the wool and render it shrink-proof. But the 
Belmont process apparently involves the use of synthetic 
resin, which ‘spot welds’ the wool fibres together so that they 
lose their freedom to stretch when they are wetted in washing 
and contract in drying. The amount of synthetic resin 
which is involved in the treatment is very small with the 
result that the appearance and other desirable qualities of 
the wool remain unaffected, and this cannot be said of anti- 
shrink treatments in general. 

In his recently published book on Wool Shrinkage and its 
Prevention*, the first comprehensive monograph on this 
subject, R. W. Moncrieff describes more than a score of 
anti-shrink processes for wool. The author himself favours 
in anti-shrink method of quite a different sort, the so-called 
Negafel process in which formic acid is used to liberate 
an active chlorinating agent. There are several other 
processes which depend on chlorination, besides the 

* Wool Shrinkage and its Prevention. by R. W. Moncrietf: National 
[rade Press, London, $76 pp., 75s. 


170 


1953 DISCOVERY 


anti-shrink treatments involving a variety of chemical agents 
including bromine, alkalis, dry solvents and enzymes such 
as papain. There are also fluorination and oxidation pro- 
cesses. These treatments, unlike those which involve the 
loading of the material with resins or rubbers, rely for their 
effect on the chemical moditication of the wool. For the 
shrinking of the wool depends on the physical and chemical! 
properties of its fibres. If these can be altered beneficially, 
then the shrinking can to a large extent be counteracted. 

Where the use of a reagent alters the chemical composi- 
tion of the wool there is a risk that the wool will lose 
weight as a result, and there ts also a danger that the 
strength of the fibres may be reduced. 

On the other hand the loading of the wool with rubber 
or resins, to fix the fibres together and so prevent shrinking 
by physical means, often causes a hardening of the wool, 
a serious matter since softness is one of wool’s most im- 
portant characteristics. Most loading treatments involve 
fairly heavy depositions, the additions being of the order of 
10°... It has long been recognised that if a deposition 
process using only | or 2°,, of the loading material could 
be developed, it would be an important advance. In the 
Belmont process that aim seems to have been realised. (As 
few details about the Belmont shrink-proof process are 
at present available tn Britain, any inquiries about it 
should be addressed direct to: The Wool Textile Research 
Laboratories, Princes Highway, Belmont, Geelong, Vic- 
toria.) 

Shrinking ts not the only adverse factor which the woo! 

industry has had to face in its fight against the competition 
of the new synthetic fibres, but it is by far the most impor- 
tant. It is strange, therefore, that it has taken this large and 
important industry so long to find an answer to this 
problem, when the synthetic fibre industry has overcome 
equally, if not more difficult problems in a fraction of the 
time. Could it be that the wool industry has been less 
willing to spend money on research and slower to recognise 
its value? 
THE SCIENTIST’S PLACE IN THE SERVICES 
“It is essential to break down the traditional resistance of 
administrators to a general scientific approach to the 
problems of national existence.” These words appeared on 
the first page of Science and War, a Penguin Special which 
startled the public when it was published in 1940. It is a 
sign of the times that, so far as the Services are concerned, 
such complaints about the lack of scientific advice at high 
levels which were common at the beginning of the last war 
are practically never heard nowadays. Today the Navy. 
Army and Air Force all have large and excellent scientific 
staffs. This is also true of the Ministry of Supply, which 
does a great deal of research and development work in 
connexion with weapons and other equipment needed by 
the military departments. What is equally important ts that 
the excellence of these staffs is matched by a shrewd under- 
standing and appreciation of the importance of science 
among the service chiefs. 

These points were discussed by Dr. O. H. Wansbrough- 
Jones, who is chief scientist at the Ministry of Supply, in 
his lecture to the Royal Society of Arts on April 29. 

He opened his talk with an interesting historical sketch 
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of the ad hoc contributions of eminent scientists brought 
in to advise on military problems during war-time. He 
mentioned, for example, the team of scientists, including 
Berthollet and Monge, whom Napoleon added to his staff 
for the Egyptian campaign. In the Crimean War, Michael 
Faraday acted as scientific adviser to the War Office, but 
most of the scientific work for the Services at that time was 
done by the Services themselves. Some of it, said Dr. 
Wansbrough-Jones, was very good work indeed, and he 
referred specifically to investigations on ballistics and 
explosives. “The physiology of the soldier” was also 
studied. in order to discover the best methods whereby the 
individual soldier could carry his kit and equipment. That 
important problem has received a great deal of attention 
recently, in the course of which the report of ““The Com- 
mittee Appointed to Inquire into the Effect on Health of 
Carrying the Accoutrement, Ammunition and Kit of the 
Infantry Soldier, 1865-8" has been carefully reviewed. 
This was Dr. Wansbrough-Jones’s comment on that 
research project of eighty years ago: “It is almost humiliat- 
ing to read in the War Office records of how complete 
and thorough were the physiological and anatomical 
studies made in the second half of the nineteenth century 
and how little we have in fact progressed since then. They 
established the main point, which still holds good, that the 
infantryman carries too much. They certainly then estab- 
lished the basic principles of load carrying.” 

That period saw the Government beginning to take a 
really active interest in defence research. Then it was 
chemical problems which were of outstanding importance, 
particularly in connexion with the development of new 
explosives and propellants. The War Office therefore 
tended to select chemists as their chief scientific advisers: 
a chemist, Frederick Abel, the joint inventor of cordite, 
succeeded Michael Faraday, and Abel's immediate suc- 
cessors were Kellner and Deering. The dominance of 
chemistry applied up to 1914, and the First World War, was 
frequently called **The Chemist's War”. 

The indispensable role of scientific research in defence 
preparations was realised only in the 20th century, and this 
was followed by the enormous growth of the research 
establishments of Britain's Services. Recent years have seen 
the emergence of a new attitude towards the scientists’ 
contribution. Originally the research establishments were 
only given the task of solving the problems that were put to 
them, they were not invited to consider what the true 
problems were. They were asked, as Sir Henry Tizard has 
put it, “to give the Services what they wanted which was not 
necessarily the same thing as giving the Services what they 
needed’ ge 

The modern attitude, which allows a far bigger role to 
the scientists, represents a great advance. Dr. Wansbrough- 
Jones expressed the view that this advance was “partly 
incidental, partly accidental, partly planned”. Prior to 
1939, men of the calibre of Henry Tizard and R. H. Fowler 
had been brought intimately into the defence picture— 
especially was this true of air defence problems—and so 
their influence was strong. One result was the Technical 
Register, which was prepared under the aegis of the 
scientific societies. 

By now the Government establishments had achieved 
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THE MET. OFFICE'S NEW DIRECTOR. Successor 
to Sir Nelson Johnson as Director of the Meteorological 
Office is Prof. O. G. Sutton, who will be taking up his 
new appointment this autumn. Aged 50, Prof. Sutton ts at 
present Dean of the Royal Military College of Science. 


Shrivenham. An expert on meteorology (his book on 
micrometeorology is reviewed elsewhere in this issue), he 
served on the stall of the Met. Office from 1928 until 1941. 
when he became Superintendent of Research at the 
Chemical Defence Experimental Establishment at Porton. 
For the period 1943-5 he was in charge of the Ministry of 
Supply's Tank Armament Research, and afterwards spent 
two years as superintendent of the Radar Research 
and Development Establishment at Malvern. He joined 
the Military College of Science in 1947, as Bashforth 
Professor of Mathematical Physics, and succeeded the 
late Sir Reginald Stradling as Dean in 1952. His books 
include a treatise on “Atmospheric Turbulence” and the 
popular work “The Science of Flight”. 


their dominant position in the various fields of defence 
science. The best-informed men on radar, signals prob- 
lems, explosives and chemical warfare were the men on the 
staffs of these establishments, men who during the inter- 
war years had tackled most of the obvious problems, 
and many of the less obvious problems, without outside 
advice. In 1939, therefore, there were relatively few 
ideas that even the most eminent outside scientists could 
contribute. Commented Dr. Wansbrough-Jones: “To their 
great credit many university scientists of great distinction 
modestly set to work to learn new subjects and contributed 
with distinction later: but there was relatively little scope 
at first for their inventions.” 

In the Second World War it was increasingly realised 
that there existed a major scientific profession which might 
have its own contribution to make in its own terms. War 
was becoming a national effort: all the professions, law, 

Continued on p. 188 








UNDERWATER TELEVISION AND 
MARINE RESEARCH 


H. BARNES 


Ph.D., D.Sc. 


Both marine biology and oceanography are, so to speak, 
composite sciences and their study involves branches of 
other subjects such as zoology, botany, chemistry, physics 
and geology. It can readily be understood, therefore, that 
the techniques used are to a considerable extent those 
employed in these other sciences. However, the collection 
and examination of both the biological material and the 
study of the inanimate environment in the marine sciences 
involves problems peculiar to this type of work: except for 
work in the intertidal zone, the material to be examined is 
out of direct view and separated from the observer by a 
column of water. This is true whether one is concerned 
with mid-water organisms or with the animals living on 
the sea bed. 

In the past the material has been collected by simple 
devices—by nets towed through the water or dragged over 
the bottom by dredges, or by various forms of grab, 
according to the problem in hand. It is clear that material 
collected in this way, while adequate even for detailed 
studies of certain aspects of marine life (e.g. the morph- 
ology of the animals or their life histories), is always 
to some extent mixed up during the process of collec- 
tion and, though a broad picture may be obtained of the 
distribution of various animals on the sea bed, it is quite 
clearly not possible, from these types of samples, to learn 
anything about the detailed distribution of the various 
species as they existed before collection. However, it has 
become increasingly evident in many fields of biological 
work that the details of the relation between the various 
animals living together in communities and their physical 
surroundings is of fundamental importance; indeed the 
whole science of ecology is the study of organisms from 
this point of view. 

A number of attempts have been made recently to make 
possible direct observation of the marine animals in their 
original habitat. 

A number of laboratories have employed frogmen 
equipped with still or ciné cameras to take photographs in 
shallow waters and under good conditions of sunshine. 
In deeper waters remotely controlled cameras have been 
used to photograph the sea bed. The results obtained by 
these new methods in attacking a number of problems 
have given useful information which could not have been 
obtained by the older techniques. There liave also been 
descents, by Dr. W. Beebe and\others, to very considerable 
depths in specially constructed bathyspheres, but whilst of 
considerable interest they are hardly to be considered 
practicable marine scientific projects. 

Underwater television is the latest technique to be 
applied to this problem, and it has a number of advantages 
over those just mentioned; the depth of working is virtu- 
ally unlimited, the method involves no risk to human 
life, and the fact that continuous observations can be 
made represents considerable advantage over any remotely 
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controlled camera techniques. Given an adequate television 
system, the principles involved are relatively simple since a 
closed system is used with no radio transmission. In brief, 
the method involves the enclosure of a television camera 
in a water-tight casing, the provision of adequate lighting 
to illuminate the subject, and then the collection of signals 
generated by the camera, from which the details of the 
original picture can be reconstituted on a television screen. 

At the Scottish Marine Biological Station, Millport. in 
the Firth of Clyde, a television apparatus has now been 
used in experimental and development work for some 
months, and the results which have been obtained so far 
indicate that it is going to be a useful addition to the 


techniques available to marine biologists and_ allied 
scientists. The television channel, which employs the 
C.P.S. Emitron tube, was manufactured by E.MLI. 


Research Laboratories Ltd., and is worked from the 75-ft. 
M.V. Calanus, the research ship of the Scottish Marine 
Biological Association. In contrast to certain other 
applications of underwater television, it is essential that 
fine details shall be observed: only if this condition 1s 
fulfilled can the equipment be a useful tool in marine 
biological research, and therefore in this project we have 
concentrated on producing the best possible pictures over 
relatively small fields of view, rather than on examining 
a large area in a less detailed fashion. This requires 
considerable experimental and exploratory work, and 
flexibility particularly with regard to the all-important 
lighting adjustments—-has therefore been given precedence 
over the production of a streamlined piece of gear. There 
is still much to be learnt about the best ways of using such 
equipment for any particular problem tn marine biology, 
and this flexibility is proving a great advantage. 

The television camera, mounted in the water-tight 
casing and bolted to the lighting gantry with its associated 
lighting units (Fig. 4), is lowered on a non-spin wire to 
which the camera cable is lashed at intervals as the gear 
is lowered (see Fig. 5). 

The other electronic equipment, mainly of standard 
B.B.C. pattern. is housed in a below-deck laboratory in the 
forward part of the ship and two viewing monitors are 
provided. Communication with the bridge and winch 
operator is maintained by microphone and _talk-back 
equipment. Since the camera is being used at a distance 
from the viewer and is out of sight and direct control, it 1s 
necessary to have certain features remotely controlled. 
First, in order to obtain different fields of view and 
different magnifications—-so that with a given subject 
either an all-over view or a detailed examination of a part 
can be obtained—it is necessary to be able to change the 
lenses on the camera. Six lenses are therefore mounted In 4 
movable turret, and by a remote-control! mechanism the 
turret can be revolved to bring the appropriate lens into 
position: the change from one lens to another takes onl) 
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These three illustrations are among the first pictures ever taken of marine organisms by means of underwater television. They are repro- 
ductions of photographs of pictures obtained on the television viewing monitor aboard M.V. Calanus: allowance must be made for the loss 
of clarity due to the difficulty of photographing the picture on the cathode-ray tube. 


FIG. 1. TV picture of another bottom-living animal—a common crab. This is a fairly large individual, about 8 inches across: it has dug itself 
somewhat into the gravelly bottom, the right-hand edge being covered by gravel. On the right is a mass of barnacles. 
FIG. 2, Underwater TV picture of a planktonic organism, the shrimp-like euphausid known as Meganyctiphanes norvegica. 
(Courtesy, the editor of ** Nature’’.) 
FIG. 3. TV picture of brittle stars on a gravelly bottom. These animals, each about six inches across the arms, are often seen in dense masses 
on the sea bed. 
173 
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FIG. 4. Underwater TV equipment on the foredeck of 
M.V. Calanus. The use of tubular scaffolding gives 
flexibility of rig. 


a matter of seconds. Secondly, in order to vary the amount 
of light, or the stop, at the same time changing the depth 
of focus, the iris of the lens that is in position can be opened 
or closed by remote contro:. Thirdly, whilst it would be 
possible when viewing the actual bottom to use a fixed 
focus system by adjusting the distance between the lens 
and the bottom by means of the supporting frame, it is far 
more convenient—and indeed in practice it is almost 
essential—to have control over the focus; the lenses being 
in a fixed plane on the rotating turret, this is done by mov- 
ing the actual camera tube with respect to the lens, and 
this too can be done by remote control by the actual 
observer. 

So far the gear has been used with the ship at anchor, 
drifting or only very slowly under weigh so that continuous 
observations can be made. 

And what of the results so far obtained? The least 
problems arise, both in producing pictures of good quality 
and in interpreting the results, in viewing the physical 
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FIG. S. An echo-sounder trace show:ng a 
typical descent of the television equipment 
to the sea bed. The steps in the trace mark 
the periodical stops in the gear’s descent to 
tie the TV camera cable on to the suspen- 
sion wire. 


ECHO TRACE 
OF DESCENDING 
TV EQUIPMENT 


features of the bottom deposits and the associated fauna 
and flora (Figs. | and 3). 

In general, bottom animals are sedentary or slow-moving. 
It is possible—in calm weather at any rate—to ‘sit’ the 
equipment on the bottom and then spend considerable 
time adjusting the equipment to secure optimum perform. 
ance. After that has been done, the bottom can be 
examined at leisure. The observer is now all ready to 
examine the detailed distribution of many bottom-living 
forms: it is now a relatively simple matter for him to 
construct a map of the sea bottom over quite large areas 
showing the relations of these animals to one another and 
to their environment. Further, he can both measure and 
count the animals. A repetition of such a series of observa- 
tions from time to time over the same ground, if carried 
out quantitatively in this manner, enables changes in 
either the biological components or the physical environ- 
ment to be assessed. However, it must be pointed out that 
there are certain elements of the bottom fauna which 
cannot be observed by this means; such as the worms and 
some molluscs which burrow in the mud. 

In mid-water both small planktonic organisms and fish 
have been seen (Fig. 2). In the case of the former it is quite 
possible to make a quantitative study at any given level. In 
making observations on fish the problems are particularly 
acute since, as already pointed out, the field of view must 
be restricted if one is to be able to identify the species, but 
with such a restricted field of view the fish swim out of 
range very rapidly. However, such problems are less 
acute where one is dealing with a shoal of fish. Further 
problems arise here because the effect of light on these 
highly sensitive organisms is important. 

Another field of use for the equipment is in reading 
various types of instruments and examining the behaviour 
of other gear. Instruments, such as thermometers, for 
example, can be easily put in the field of view of the 
camera and readings taken from the images of these 
instruments on the television screen. (This is perhaps a 
rather expensive way of reading temperatures, but in the 
case of other instruments it might be a useful technique.) 

The behaviour of certain types of gear has been studied 
by underwater photography and a great deal more is 
now known of the behaviour of underwater equipment 
than formerly; but there is still some scope in this field, 
particularly when equipment is to be examined at great 
depths, for underwater television. 

To sum up then, underwater television is a valuable 
addition to the techniques of marine biology, but it should 
be emphasised that it is a very recent addition; moreover, 
though it may rapidly lead to new advances, it can never 
replace the classical techniques. 
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XEROGRAPHY 


A NON-CHEMICAL PHOTOGRAPHIC PROCESS 
W. D. OLIPHANT 


B.Sc., M.1.E.E., F.lnst.P. 


The news of the development of the first practical xerographic process aroused great interest, and 
readers will recall the report about it which appeared in Discovery, in June 1949. Since that time 
considerable progress in this field has been made in the U.S.A., and meanwhile a small team of 
British scientists have been investigating both the potentialities of the process with particular 
applications in mind, and problems of fundamental scientific importance connected with xerography. 
In this article W. D. Oliphant, a member of the British team, provides an up-to-date survey of 


the subject. 


In 1937, Chester F. Carlson, a patent agent and physicist 
of New York City, described and patented a new photo- 
graphic process based entirely on physical principles. The 
new method of image reproduction depended on simple 
applications of electrostatics and tribo-electricity (the latter 
term covers electrification by friction) and was in direct 
contrast to other methods, such as silver halide photo- 
graphy, in which the development and fixation of the image 
involves wet chemical processing. In view of the very 
necessary dry nature of the new process, the term xero- 
graphy was applied—‘xeros’ being the Greek word for 
‘dry’. In 1944, the Battelle Development Corporation of 
America acquired the exclusive rights of Carlson's patent, 
and the practical value of the xerographic process was soon 
demonstrated by the Graphic Arts Division of the Battelle 
Memorial Institute at Columbus, Ohio. This early work 
has been fully described in the literature by R. M. Schaffert 
and C. D. Oughton of that institute.* In 1950, the Haloid 
Corporation placed on the market a piece of office equip- 
ment for the copying of documents which was operated 
successfully on the xerographic process. 

Within the last year, the U.S. Army Signals Corps 
Engineering Laboratories has announced a new type of 
camera operating on the xerographic method. By means of 
this camera, it is possible to obtain a fixed print about two 
minutes after the closing of the shutter; the entire proces- 
sing is done inside the camera so that there is no need to 
have a darkroom. Furthermore, since xerographic plates 
can be used over and over again and are also unaffected by 

* J.O.S.A., 38, 991 (Dec. 1948). 





light until after sensitisation, the question of handling and 
transportation of basic xerographic material is extremely 
simple so that from a military point of view this type of 
camera will prove invaluable in the field. 

The X-ray applications of xerography has also been 
explored by the Battelle Memorial Institute, and the new 
subject known as xero-radiography has been described in 
the American literature by R. C. McMaster.* This applica- 
tion will have an important place to fill in the fields of 
medical practice and in the non-destructive testing of 
engineering materials. 

In this country, fundamental research and development 
work on xerography is being sponsored by the Ministry of 
Supply. This work is primarily intended to: explore the 
scope of the xerographic process and to define its limita- 
tions; it will at the same time provide a means for extending 
our knowledge of the photoconductive mechanism which 
takes place in certain electrical insulators when they are 
irradiated. This is a subject in solid state physics about 
which little is, as yet, known. 

Xerography depends fundamentally on the properties of 
thin films of certain photoconductive insulating materials 
such as anthracene, sulphur and amorphous selenium. 
Such a film, when deposited uniformly on a suitable con- 
ductive backing plate, may be sensitised in the dark by 
subjection to the corona discharge from a point electrode. 
Alternatively, very large plates can be sensitised by expos- 
ing them to the corona discharge from a fine wire placed 
parallel to the surface while allowing the plate to move with 

+ Non-destructive Testing, 10, No. | (Summer 1951). 
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2 (left). Corona Spray apparatus. This machine is required both to sensitise a xerographic plate, and 


to transfer the powder image from the plate to paper. When the plate ts passing under the wire (here visible 
through the magnifying glass), it receives a uniform surface charge by virtue of the corona discharge from 
the wire. When a developed plate with a sheet of paper superimposed on it is passed under the wire, the 


powder image is transferred from the plate to the paper. 


FIG. 3 (right). The xerographic plate may be 


exposed in a camera under an enlarger or in a contact printing frame. Light striking the surface of the 
plate causes it to lose its electrostatic charge, leaving behind a pattern of charges corresponding to the 


mage pattern 


uniform velocity underneath. These arrangements are 
shown diagrammatically in Fig. 1, while Fig. 2 is an illus- 
tration of an actual piece of sensitising equipment making 
use of the discharge from a fine wire. During the sensitisa- 
tion process, the front surface of the xerographic plate 
receives a uniform charge distribution over its entire area 
and it is thus made ready for use. The earthed ring shown 
in Fig. | has been found to reduce the charging time by 
allowing a smaller separation between point and plate while 
still working with twelve or more kilovolts on the point: 
sensitisation times of the order of a few seconds are possible 
by means of this arrangement. 

The charged surface of the xerographic plate is now 
exposed in, say, a Camera in exactly the same way as one 
would expose an ordinary photographic plate or film. Such 
an operation is shown in Fig. 3. The action of the incident 
light on the sensitised xerographic film is to discharge it 
more or less in direct proportion to its intensity; the 
brighter the light, the more electric charges there are which 
leak away through the film to the conductive backing plate. 
After exposing the plate for a suitable time, we have now 


got a charge distribution on the surface which is a record of 


the light intensity which has fallen on any part: it is an 
invisible charge image and jt is known as a latent electro- 
Static image. Due to the extremely high insulative proper- 
ties of, say, a film of amorphous selenium when kept in the 
dark, the latent electrostatic image will not suffer serious 
loss of contrast, and definition is kept for a period of time 
of the order of from 50 to 100 hours before development, 
which is the next step in the xerographic process. 

To develop the electrostatic image and thus render it 
visible, the surface of the xerographic plate is dusted with a 
suitably charged and finely divided powder. Let us assume 
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In this photo a technician ts seen preparing to make a reproduction of a line drawing. 


that the surface was charged positively during sensitisation 
and that we desire a positive picture after development 
that is to say a picture which portrays the light values in 
their natural manner. Then, since amorphous selenium 1s 
near black in colour, by dusting the surface with a posi- 
tively charged white powder, we will obtain our positive 
picture. That this is so is easy to understand, for those 
parts of the surface which have not been exposed to any 
light during exposure will not have suffered any discharge 
action and will thus retain their full charge: such areas will 
fully repel the positive powder particles. Areas of half- 
tones will repel to lesser degree and so on, with a resulting 
positive powder picture. By dusting the same plate witha 
negatively charged powder, one would obtain a negative 
powder picture, for in this case the powder would be full) 
attracted to those parts of the surface which had not been 
exposed to light. 

A fully developed powder image on the surface of a xero- 
graphic plate can be projected on to a screen in exactl) 
the same way as an illustration in a book; an epidiascope 
can be used for this purpose. If a fixed print is desired, the 
developer powder is usually mixed with a resinous com- 
ponent, and the developed powder picture is transferred 
from the plate to paper by electrostatic means; a subse- 
quent gentle heat is next applied to the paper to fuse the 
resin content and thus fix the pigment powder. This opera- 
tion is shown in Fig. 4. After use, the xerographic plate 
may be cleaned of powder and used over and over again, 
the actual life of the plate being determined by the degree 
of abrasion to which it is subjected during the cleaning 
process. 

Xerography is not as fast optically as ordinary photo- 


graphy, that is to say, slightly longer exposures have to be 
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FtG. 4 (above). Xerographs may be made on any type 
of paper, on wood, glass, metals or other materials. 
Here the technician is stripping the transferred print 
from the plate. Heating the print will tuse the powder 
to the paper and make the image permanent. 


FIG. S (right). Method of development. This illustration 
shows the ‘cascade’ method of powder development 
where the powder mixture is allowed to flow to and 
fro over the surface of the plate in a rocking tray. 
(Haloid Company photographs.) 


made with a given set of lighting conditions. This, however, 
is more than offset by a very much shorter processing 
time, so that developed pictures can be inspected almost 
as soon as they are obtained. With experimental bench 
equipment it has been possible to examine fully developed 
pictures in about 24 seconds after the start of sensitisation. 

The fact that xerographic plates may be used over and 
over again immediately after use gives the method a very 
attractive economic complexion and it should find ready 
application in laboratory instrumentation. The amorphous 
selenium film does not possess any form of distortion 
akin to gelatine shrinkage or film stretch, so that accurate 
measurements can be made on developed images: further- 
more, since the selenium film is grainless, high orders of 
resolution can be expected, provided due account is taken of 
the grain size in the developer powder. The spectral response 
of an amorphous selenium xerographic plate is approxi- 
mately equivalent to orthochromatic photographic emulsion 
and the speed is stated to be about 0:3 ASA (tungsten). 

We have seen how the invisible latent electrostatic image 
on an exposed plate may be revealed by any physical process 
capable of depositing a developer powder in proportion to 
the charge density at any point on the surface of the film. 
There are two methods whereby a plate may be developed, 
known respectively as the cascade and powder cloud 
methods. 

In the cascade method, a powder consisting of two quite 
distinct components is used. One component is a finely 
divided pigment powder, while the other consists of rela- 
tively much larger particles which act as carriers for the 
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former. The two powders are so chosen from a tribo- 
electric* series that a maximum charge of the desired sign 
is established on the pigment powder on separation from 


the carrier particles. A typical powder combination is 
finely divided tartaric acid (0-1 to 20 micron) on a carrier 
powder of corn meal (300 micron). During the develop- 
ment of a xerographic plate, as shown in Fig. 5, the powder 
mixture is allowed to cascade to and fro over the surface of 
the plate, when the pigment powder will separate from the 
carrier and remain, according to the charge density, on the 
surface of the plate. While this method of development has 
apparently been much used in America, it does not appear 
to lend itself to critical control. In addition, there is a 
serious risk of obtaining score marks across a developed 
powder image due to the passage of the larger carrier 
particles across the surface. The powder cloud method has, 
accordingly, been developed in the course of British 
research. 

When powder particles are whirled into a cloud, the 
individual particles become charged—some positively and 
some negatively; the degree of electrification is quite in- 
dependent of the manner in which the powder is agitated. A 
typical powder cloud generator is shown in section in Fig. 
6. The mass of powder is contained within the inner conical 
chamber which is closed at the bottom by means of a 
vibrating metal disc. There is a small aperture at the apex 
of the cone, and this allows the powder cloud formed above 
the mass of powder to expand into the outer chamber, 
which acts as a means for allowing the cloud to become 

* Tribo-electricity is the term applied to electrification by friction. 
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more uniform in density as it rises. The top of the outer 
chamber is closed by the xerographic plate itself—it is held 
face downwards so that the powder cloud can impinge on 
the exposed surface. 

During agitation, the powder particles become charged, 
and in order that the particles of unwanted charge sign 
may be arrested before reaching the xerographic plate, a 
precipitator grid is inserted immediately below the surface 
of the plate and the polarity of this grid is suitably chosen. 
Thus, as already indicated, for a positive picture on the 
developed plate, positive particles must be allowed to come 
into contact with the plate. The unwanted negative par- 
ticles are therefore removed by applying a positive potential 
to the grid so that they are attracted to it and do not get 
beyond to the xerographic plate. By simply reversing the 
grid polarity, a negative picture could have been obtained 
instead. 

The ideal period of development is such that the initial 
uniform charge distribution is restored by the powder 
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particle charges; over-development would result in a 
uniform layer of excess powder. 

As already indicated, the order of resolution in xero- 
graphy is dependent on the particle size in the developer 
powder used, and present experiments have been carried 
out with certain makes of cosmetic face powders. With such 
powders, it is possible to get down to grain sizes of the 
order of from | to 2 micron. In the orthodox lycopodium 
powder the particle size is much too large—it is of the order 
of 25 micron, but quite apart from this, it does not possess 
the necessary degree of adhesion to the surface of a xero- 
graphic plate due, in all probability, to the near-spherical 
shape of the particles. Plates which have been developed 
with lycopodium powder cannot stand even slight mechani- 
cal shocks or draughts without the powder becoming 


seriously displaced along the surface with consequent | 
distortion of the image, for, once a developed plate is | 


examined in the light, the electrostatic charges on the 
surface finally leak away and the powder is held in place 


only by its inherent self-adhesive properties—an obvious | 


point in favour of cosmetic powders. 

Turning now to an assessment of the fidelity of image 
reproduction on a xerographic plate, it has been instructive 
to examine pictures taken with a test-card which is half 
black and half white, and with lines ruled on each half in 





the ‘opposite’ colour. The first point to consider is the | 


powder distribution which is more or less uniformly spread 
over the larger black areas, but which 1s along the dividing 
line. Again, the powder is uniform over the large white areas, 


but there is a pronounced reinforcement along the dividing | 


line with the black area. It is evident, therefore, that the 


potential gradient along the surface of the plate is exercis- | 


ing a marked effect on the powder distribution, particu- 
larly at steep potential steps. Background powder, which 


would otherwise have deposited itself on the black, has | 
been deposited by deflection on to the white. Again, line- | 
width measurements, carried out with the aid of a travelling | 
microscope, indicate that white images on a black back- | 


ground suffer a reduction in width in many cases of the 
order of three to one. Black images on a white background, 
on the other hand, are found to suffer an increase in width. 
As a result of this surface potential gradient effect, white 
images on a black background are in greater relief than are 
black images on a white background. The fidelity of re- 
production is thus critically defined by the potential distri- 
bution along the surface of an exposed plate and it explains 
how xerographic images are invariably of higher contrast 
than the corresponding photographic images. This en- 
hancement of contrast can, to some considerable extent, 
be overcome by operating the precipitator grid in the 
powder cloud developer box at a very high potential so that 
a high normal field can be established at the surface of the 
xerographic plate which tends to overcome the effect of 
high local transverse fields which exist along lines of de- 
marcation between black and white portions of the image. 

The precise mechanism of conductivity in amorphous 
selenium, and indeed in any other photoconducting 
insulator, is not yet fully understood. A series of experi- 
ments carried out with amorphous selenium sandwich-type 
photoelectric cells demonstrated the preponderance 0! 
positive charge conduction over electron (negative 
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charge) conduction through the film, and it is advantageous, 
therefore, to use sensitised xerographic plates which have 
been charged positively on the front surface, it being a 
further, experimentally proved, fact that the charge carriers 
during photoconduction originate at the irradiated surface 
itself. Light only penetrates a minute fraction of the 
thickness of a xerographic plate and so the initiating pro- 
cess in the conduction mechanism is essentially a surface 
phenomenon. It ts quite conceivable that faster xero- 
graphic plates may be produced by including a material 
which will promote hole injection at the irradiated surface 
and thus increase the effective number of charge carriers in 
the conduction process. 

The physico-chemical properties of the element selenium 
are also important. The highly purified selenium of com- 
merce is vitreous and is supplied in the form of pellets. 
Direct vacuum evaporation of this material, and its 
subsequent condensation on to a cold surface, yields 
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the amorphous form which is an exceptionally good insu- 
lator possessing a conductivity in the dark of the order of 
10-'? (ohm cm.)~'. Amorphous selenium, even at roorn 
temperature, slowly crystallises over to the hexagonal or 
metallic form which is a semi-conductor possessing a con- 
ductivity of the order of 10°°> (ohm cm.) '. The maximum 
nucleation rate occurs at about 90 to 110 C while the 
grain growth reaches a maximum at just under the melting 
point, say at about 200 C. Certain impurities, notably 
oxygen and the halogens, accelerate crystallisation while 
other impurities, such as phosphorus and antimony, can 
actually prevent crystallisation. The presence of hexagonal 
selenium crystals in the film of a xerographic plate will be 
evident by the appearance of conductive spots which will 
appear as a rash in the developed picture. 

(The author wishes to express his indebtedness to the 
Ministry of Supply and to Ferranti Ltd. in Edinburgh for 
permission to publish this article.) 


THE PHYSICAL SOCIETY’S EXHIBITION 


C.L.BOLTZ 


There were signs in this year’s Physical Society Exhibition 
that criticisms made in Discovery and other journals in 
previous years had had some effect, for a sample survey 


showed that among the exhibits there was a good deal of 


really new apparatus, as the organisers of the exhibition 
have always said there should be. Some of the equipment 
that was on view had been in commercial production for 
less than a year, while other items were still in the experi- 
mental stage. In all there were 134 exhibitors. 

Each year the exhibits represent the practical realisation 
of new ideas, and as such they mark off stages in the pro- 
gress Of physical science. This year a conspicuous feature 
was the big variety of apparatus connected with nuclear 
physics, the begetter of a completely new industry. This 
comprised examples of the kind of apparatus used by 
research scientists, and also some of the gear that is used 
in the practical application of research results. Radio- 
isotopes, for example, now have world-wide use in medi- 
cine and their industrial uses are increasing in number. 
As a result there has arisen a need for instruments capable 
of measuring small doses of stray radiation so that the 
worker can be protected against the hazards inseparable 
from the handling of radioactive materials. Dose meters 
how commonly called ‘dosimeters —were exhibited on 
several stands. One of these was a small and compact 
affair involving the use of a separate small metal cylinder, 
which is in facta condenser. Any person liable to encounter 
Stray radiation carries one of these cylinders in his pockets: 
in due course the cylinder is placed in the dosimeter, when 
the dosage of radiation which has been received can be 
read off at once in terms of milliréntgens. Several of these 
instruments have been designed in co-operation with the 
Atomic Energy Research Establishment at Harwell and 
with the Civil Defence authorities. 

Both in research and in connexion with the practical 
applications of nuclear research, especially with isotopes, 


accurate measuring instruments are necessary, and this 
development has led to the introduction of new technical 
terms such as ‘ratemeter and ‘scaler’. The ratemeter 
measures the number of ions created by radiation in a 
certain unit of time, whereas the scaler is only a counter. 
Differences between designs of such instruments do not 
rest in the principles as much as tn the details of construc- 
tion, including the refinement, range and reliability. Both 
types of instrument are used in conjunction with either 
Geiger-Miiller or scintillation counters. 

Such counters, together with ionisation chambers, con- 
stitute the range of devices for detecting radiation. The 
Geiger-Miuller counter essentially consists of two electrodes 
separated by a gas at low pressure. Radiation entering the 
container causes ionisation of the gas molecules or atoms 
and there is a burst of electric current between the elec- 
trodes, across which there is applied an electric potential. 
With suitable conditions, each burst of current represents 
a unit of radiation. The ionisation chamber makes use of 
lonisation in a similar way; it is, however, not arranged to 
register bursts but rather the total amount of radiation 
received in a given time. A scintillation counter works 
differently. It makes use of the fact that when radiation 
strikes certain kinds of crystals a flash of light is produced. 
These flashes can be measured photoelectrically. Many 
firms exhibited specimens of these essential instruments, 
the differences between them depending on the practical 
Intention and the ingenuity with which certain difficulties 
had been met. Mullard Ltd., for example, showed Geiger- 
Muller counters for beta radiation, which has small powers 
of penetration. The entry is therefore effected through a 
fragile mica window and the problem here is that of pro- 
ducing an instrument that is robust enough to be trans- 
ported without damage. Mullard’s have solved this problem 
by enclosing each counter tube in a metal cylinder in such a 
way that the tube may be tested before it is removed from 
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the container while at the same time the container can with- 
stand a certain amount of rough handling. 

Application of isotopes for industrial purposes was shown 
in thickness gauges of several types. These are for measur- 
ing the thickness of metal coating or of paper or any other 
material manufactured in a thin layer continuously. A 
radioactive isotope emits beta radiation or gamma radia- 
tion and this either penetrates the thin layer being 
measured, the thickness bearing a known relationship to 
the amount of radiation absorbed, or is scattered from 
the material, the amount absorbed again having a known 
relationship with the thickness of material. These methods 
of measuring thickness, reliable and sensitive as they are, are 
being increasingly used in continuous production processes. 

Two other trends are thoroughly modern. One ts the 
use of centimetric waves, which brings with it the develop- 
ment of measuring instruments and devices. Metrovick 
showed a model illustrating one special use of such waves 
to accelerate electrons in a linear accelerator, an applica- 
tion which Britain has pioneered. The electrons are 
accelerated by trapping them in an electromagnetic wave in 
a waveguide. Energies of four million electron volts are 
easily obtainable and accelerators have already been made 

such as the Mullard instrument at Harwell, which was 
described in the March 1953 of Discovery-—for 
producing energies of 15 million electron volts. One of the 
chief uses of such accelerators is the production of hard 
X-rays for deep therapy. The Metrovick model used the 
mechanical production of a progressive wave in a piece of 
baize to accelerate steel balls injected at the beginning of 
the progression, and it was quite easy to see the increased 
speed of these balls as they got farther and farther along. 

Another trend is the increased use of electronic counting 
and computing. The large computer has in one case left 
the laboratory and become a production project. This 
instrument, made by Elliott Brothers Ltd., utilises a binary 
system such as that in the ACE at the National Physical 
Laboratory mentioned in these columns in Feb. 1951 (p. 38). 
The novelty is in the fact that it is intended as a production 
job, with units that can immediately be replaced when any- 
thing goes wrong. This model is to be installed at Cambridge 
this month and given regular work for eight hours a day. 
It has been developed for the National Research Develop- 
ment Corporation. 


issue 
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This quantometer belonging to the British Non- 
Ferrous Metals Research Association exemplities 
the advanced modern instruments which physicists 
have designed to solve essentially chemical prob- 
lems. This instrument can analyse spectrographi- 
cally a metallic sample in a matter of seconds, to 
give direct estimates of the percentages of the 
different elements present in it. On one particular 
setting the instrument can deal with sixteen ele- 
ments. A different type of sample containing a 
different range of elements can be analysed after 
the instrument has been adjusted. The quanto- 
meter is being used for research purposes, while 
its speed of operation makes it an invaluable aid 
to process control in copper and other metal- 
producing plants. 


The vacuum techniques so essential in many branches of 
industry were impressively displayed by W. Edwards and 
Co. Ltd., who are well-known specialists in this field. One 
apparatus shown was designed to be used for the deposi- 
tion of gold films on the piezo-electric crystals which are 
utilised in so many devices involving precise frequency 
control. This apparatus has ancillary equipment built in 
for the measurement of the frequency of the crystal while 
it is being coated, because the frequency changes during 
the coating process. Vacuum techniques—all involving the 
diffusion pump developed largely as the result of Lang- 
muir’s work—are widely used for the deposition of metal 
films. There is, for example, the deposition of aluminium 
in cathode-ray tubes, while one luxury trade has exploited 
the technique by using it to apply metallic films to plastics 
in the manufacture of cheap jewellery . The creation of 
the vacuum brings with it the need for refined measurement 

at a low pressure of a thousandth of a millionth of a 
millimetre of mercury there are still 35 million molecules 
of gas per cubic centimetre with a mean free path of 31 
miles! (Mean free path ts the physicist’s term for the mean 
distance travelled by a molecule of gas between successive 
collisions with other gas molecules.) The same firm has 
consequently developed instruments for the measurement 
of the degree of vacuum in terms of remaining gas ionised 
by an electrical discharge. 

Six university research departments were represented in 
the exhibition. The Technical Optics Department. of 
Imperial College showed experiments with stereoscopy and 
three-dimensional projection, work done under Professor 
W.D. Wright. The polarising method was used for the pro- 


jection and viewing, and the demonstrator was able to set the 


plane of projection on the screen, behind it or in front of it. 

The exhibition had as usual a number of entertaining 
novelties, such as synthetic speech; here six components 
were used to convey speech by telephone line, the com- 
ponents being synthesised at the receiving end. This ts part 
of the practical work deriving from the modern theory of 
communication. Another novelty was a demonstration of 
xerography (a subject discussed elsewhere in this issue). 
This exhibit, presented by Ferranti Ltd., showed the pro- 
duction of pictures by means of fine powder sticking to an 
electrified plate, which has a future for the rapid re- 
production of maps and also in radiography. 
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MARINE BIOLOGICAL RESEARCH AND 
ITS PRACTICAL IMPORTANCE 


PROFESSOR C. M. YONGE 


F RD 


Vere than two-thirds of the earth's surface is covered by water, and 98 per cent of that area is covered 
by sea water. Thus the oceans represent to biologists the most extensive habitat for living organisms. 
In this article Professor Yonge, Regius Professer of Zoology at Glasgow University. sketches the 
development of marine biological research and its economic importance. 


From very early times man has utilised the resources of the 
sea. The shore with its rich supplies of molluscs, crusta- 
ceans, worms and sea urchins, and the shallow seas with 
their fishes, both were early sources of food, and they also 
provided a variety of raw materials that ranged from 
precious and medicinal coral to the tyrian purple extracted 
from marine snails. 

On land the earlier nomadic food collectors, hunters of 
wild animals, gave place in time to food growers who 
settled down to cultivate the land and who domesticated 
the animals that their ancestors had hunted. With the 
later growth of scientific knowledge, the factors controlling 
agricultural productivity gradually became known, and 
since about the middle of the eighteenth century applied 
science has played an ever-increasing part in the develop- 
ment of farming in all countries. 

Conditions are, however, very different in the sea. Here 
man still remains primarily a food collector although, in 
countries such as Great Britain with a highly organised 
fishing industry, he has achieved a vastly increased range 
of action and greater efficiency of capture. The ocean has 
depth as well as vast superficial area, and it is far more 
dificult to follow the course of events throughout the 
seasons or to track the movements of animals to and from 
their spawning or feeding grounds, than it is on land. The 
population of the deep seas is still most imperfectly known, 
and so are the course and the fluctuations of ocean currents 
which may affect productivity over wide areas. 


THE “CHALLENGER” EXPEDITION 

Scientific investigation of the factors controlling pro- 
ductivity in the sea may be said to have begun in the 
second half of the nineteenth century. A key date was 1872, 
for in that year H.M.S. Challenger began her great circum- 
navigation of the globe which, during the following three 
and a half years, was to yield information of fundamental 
importance about the nature and the inhabitants of all the 
Oceans in all latitudes and depths. That same year also 
saw the establishment by the German zoologist, Anton 
Dohrn, of the famous marine biological station at Naples. 
Many expeditions have followed where the Challenger led 
the way, and many marine stations have come into exist- 
ence along the coasts of the principal maritime countries. 
From both sources there has come a steady increase in 
knowledge about marine life and the sea’s productivity in 
general, and also about the habits and growth of food 
fishes and other economically valuable animals. 

At this point it will be convenient to divide the inhabi- 
tants of the sea into three groups, each in its own way of 


importance to man. First there are the she//fish, in par- 
ticular bivalve and univalve molluscs with some crustaceans 
such as crabs, lobsters, prawns and shrimps. Second are 
the marine mammals, ranging from whales of all kinds to 
the carnivorous seals, sea lions and walruses; here belong 
the sirenians (sea cows) to which passing reference is later 
made. Last there are the fish, many kinds of which have 
long formed a staple food for human beings in maritime 
countries, and since the invention of methods of preserva- 
tion, in many regions remote from the sea. 


OYSTER CULTURE 


Of the invertebrates which constitute the first group, the 
most important are certainly the bivalves, and among these 
the oyster is pre-eminent. Oysters of many kinds were 
accessible to early man because they inhabit shallow and 
often estuarine waters. Oyster shells frequently form an 
important part in the contents of prehistoric kitchen 
middens. The Romans cultivated oysters in the Lucrine 
Lake, a little to the north of Naples. So far as we can tell, 
they obtained young oysters from Brundisium; the Roman 
oyster culture consisting of no more than suspending these 
in hanging rope baskets in the sheltered and warm waters 
of this saline lake where food was abundant. This seems to 
have been the first attempt artificially to increase marine 
productivity in Europe and to the extent that it was based 
on previous observation and some experiment, it repre- 
sents an essay in applied science or aquiculture. 

In 1035 an Irish vessel was wrecked off the west coast of 
France near La Rochelle. The solitary survivor, a man 
named Walton, settled there and, in the attempt to snare 
sea birds for food, he spread out rough nets of woven grass 
along the muddy shores. He soon found his nets covered by 
young mussels which grew rapidly, and from this starting 
point he developed a method of mussel cultivation which ts 
still in use. Stakes, with intervening wattling, were driven 
into the soft mud; mussels soon settled and, being sur- 
rounded by water rich in suspended food and raised well 
above the mud in which they would have been smothered, 
they grew rapidly. Similar observations, at some unknown 
but probably later date, seem likely to have been respon- 
sible for the origin of the extensive Japanese cultivation of 
oysters on bamboo collectors. 

These methods of cultivation were all empirical; they 
worked, but precisely why they did so was unknown. The 
position changes in the middle of the nineteenth century 
when the previously prolific oyster beds along the Atlantic 
coasts of France became depleted—probably owing to the de- 
mands made of them by the increasing industrial population. 








JUNE 


1953 DISCOVERY 











182 





FIGS. 1-3. OYSTER FARMING IN FRANCE. 


FIG. |. View of an oyster ‘park’ at Arcachon, south of Bordeaux 
The stakes protect the oysters trom rays which would otherwise 
swim over the beds when the tide rises. FIG. 2. Collecting oysters 
trom the parks at Arcachon. F1G. 3. Oysters are fattened in these 
ponds, or claires. for oysters at Marennes on the French Bisca\ 


COasT 


tiG. 4. One of the inshore Duchy of Cornwall oyster beds exposed 
by an unusually low tide 

(Courtesy, The Unilever Magazine .) 

Australian oyster culture in an estuary of the Hawkesbury 

N.S.W. The ovsters grow on mangrove poles and in trays 
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Enough was beginning to be known for the problem 


to be tackled scientifically. This was done, in the final if 


not in the immediate outcome with complete success, by 
Professor Costé of the Coll2ge de France in Paris. Broadly 
speaking the problem of replenishing the depleted oyster 
beds consisted of providing artificial settling surface for 
the millions of young oysters produced each summer. 
After liberation by the adults, these spend some days or 
weeks drifting in the water before they sink to the bottom 
when they must find suitable surface for settlement or else 
die. This surface must be hard and clean—-though, as we 
now know, it must not be too clean. Suitable ‘collectors’ 
had to be devised, and the best places and times of year for 
their exposure had to be determined. In the following 
spring the young oysters were flaked away from the 
surface of the collectors and had then to be protected from 
their numerous enemies—starfishes, boring snails, skates 
and other fishes—in ‘ambulances’ consisting of shallow 
trays covered with wire-netting lids. Later it became 


apparent that the best place for breeding and settlement of 


oysters was not necessarily the best place for growth, and so 
special fattening ponds or ‘claires’ came to be established 
in suitable areas. 

Today the production of oysters is a major industry: in 
France; it is true aquiculture because the oysters are liter- 
ally cultivated in areas of shallow water much of which 
drains out at low tide. 
Bordeaux, is entirely occupied by such oyster farms. Very 
similar methods of cultivation are carried out in Japan. 
There is an enormous oyster industry in the United States, 
but there the oysters are usually found in deeper waters 
although the beds they inhabit are most carefully controlled. 
In the remarkable oyster pools at the head of some Nor- 
wegian fjords, these molluscs are suspended in mid-water: 
the surface water is too fresh, and the deeper water contains 
insufficient oxygen. But in the zone between, temperature Is 
high and food, which may be increased by adding nutrient 
salts, is rich. This is certainly the most artificial of all 
methods of oyster culture but because of the labour and 
material involved costs are high. 

Owing to their great economic importance, no molluscs 


have been so thoroughly studied as the various species of 


edible oysters. They are animals of exacting requirements, 
our native Ostrea edulis being particularly difficult. Tem- 
perature, food, salinity, conditions for settlement, all must 
be right if reproduction and subsequent attachment and 
growth are to be successful. 

In Britain oysters have been scarce ever since heavy 
mortality of obscure origin overcame the stock round 
about 1920. It is largely due to persistent and _ finally 
successful investigations carried out by scientists of the 
Ministry of Agriculture and Fisheries that Britain’s stocks 
of oysters are now increasing. There is reasonable hope 
that in time it will be possible to provide ideal conditions 
for reproduction and settlement of oysters within large 
concrete tanks. The young oysters could subsequently be 
‘relaid’ in suitable areas for growth to full size. The great 
volume of research on oysters and allied bivalves, not only 
here but in the United States, France, Japan, Australia and 
elsewhere, all has the practical aim of successful aqui- 
culture. 


The Bay of Arcachon, south of 
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OTHER COMMERCIAL SHELLFISH 

Crustaceans, such as lobsters, crabs and prawns, do not 
lend themselves to cultivation. They are active animals, 
moving into shallower water or up towards the head of 
estuaries in the summer, retreating into deeper or more 
saline waters in the winter. Knowledge of these habits is 
essential before any estimate of the effect of fishing can be 
reached. Should the animals be of major economic impor- 
tance, as are lobsters, there are two possible remedies for 
overfishing. One is to restrict fishing, by size limitation or 
by a close season; the other is to attempt increase of stock 
by means of hatcheries. 

During the nineteenth century hatcheries of various 
kinds, primarily for fish, were regarded as the sure solution 
for all such problems. They have certainly proved 
valuable in fresh waters, where they are often relied upon 
to maintain stocks of trout. But the argument that they 
might add materially to the stocks of marine fish could 
hardly be sustained once the immense potential produc- 
tivity of such fishes became known. For if, despite the 
millions of eggs each female could liberate, stocks of a 
particular species were no more than maintained, then 
what advantage could come from the liberation of some 
additional thousands, or even tens or hundreds of thou- 
sands, of young fish raised in hatcheries? 

Lobster hatcheries came later than hatcheries for fresh- 
water fish. Female lobsters carry their developing eggs 
attached to the appendages under the abdomen (tail). 
After some nine months the young hatch out and become 
for some time members of the surface-dwelling plankton. 
Only after several moults do they become ‘lobsterlings’ and 
sink to the bottom. There they appear immediately to seek 
shelter among sand or gravel, or between rocks. Certainly 
they are very hard to find at this stage; they are seldom seen 
or caught again until they are sizeable little lobsters. While 
living in the surface waters the larval lobsters are destroyed 
by many predators, but those that survive to sink to the 
bottom must stand a good chance of survival. The idea 
underlying lobster hatching is to keep the larvae until they 
reach the lobsterling stage. When liberated they should 
immediately seek the bottom and so might be expected to 
add materially to the stocks. 

Suitable hatcheries have been erected along the coast of 
New England and also in Norway. The former certainly 
produce enormous numbers of lobsterlings annually, but 
it still remains uncertain precisely what effect these 
additions have upon the natural stock. To a large extent 
practice is based on reasonable expectation rather than on 
positive proof. Erection of similar hatcheries has been 
suggested in Scotland, but there is little evidence that 
lobsters are being overfished, and it also seems better to 
wait until there is more certainty about the precise value of 
hatcheries. 

It is no mean achievement to have added, in this century, 
a new fishery, and so a new source of food, to those so long 
exploited off the western coasts of Europe. But the impor- 
tant Norwegian fishery for deep-sea prawns came into being 
as a result of the scientific investigations of Dr. Johan 
Hjort, who was at the time Director of Fishery Investiga- 
tions at Bergen and later became Professor of Marine 
Biology at Oslo. Most prawns, such as those caught in this 
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country, live in shallow water. But Pandalus borealis lives 
in the deep water of the Norwegian fjords where its pres- 
ence in profitable abundance was discovered by H)jort. 


SEALS AND WHALES 


Studies On molluscs and crustaceans involve a combina- 
tion of field and laboratory work; a testing of the environ- 
ment together with investigations concerning development, 
physiology, behaviour, etc. Knowledge about the great 
marine mammals, on the other hand, must come mainly 
from studies of these animals in the open sea, where they 
feed and breed. Where the exploitation of the marine 
mammals preceded their scientific investigations, the result 
was invariably disaster. The two great whale-bone whales 
of the North Atlantic, the Biscay or North Atlantic Right 
Whale (Nordkaper) and the Greenland Whale were both 
hunted near to extinction. The Bowhead Whale, which ts 
probably the North Pacific variety of the Greenland Whale, 
met a similar fate. These whales were slow-moving and 
secured by hand harpoons and lances. Even the more 
powerful and wider-ranging Sperm Whale was in danger of 
extermination until the discovery of petroleum in Penn- 
sylvania in 1859 provided a new source of illuminating oil, 
and so brought respite from attack. 

Whereas whales were prized as sources of fats and oil, 
the marine carnivores were hunted primarily for their skins, 





FIG. 6. 


[he introduction of the harpoon gun led to whaling 
problems requiring biological investigation. This harpoon 
which has scored a direct hit ts of the modern Konsberg 
type; the whale ts electrocuted by current generated by a 
250-volt alternator and conducted along a cable attached 
to the harpoon 
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although their blubber is sought in a few cases, such as the 
sea elephants. The most valuable of all the fur-bearing 
animals is the charming sea otter of the North Pacific. This 
an mal, once abundant from the northern shores of Siberia 
right round to the coast of California, was relentlessly 
hunted with the result that it is now probably extinct in 
Asiatic waters. On the American coast it was protected 
when on the very verge of similar extinction, but fortu- 
nately this action was taken just in time and it is now 
becoming a more frequent sight along the Californian 
coast. It is a sad thought that pursuit of this animal led. 
almost incidentally, to the complete extermination of the 
remarkable northern sea cow. Discovered by Stellar. 
zoologist to the second Pacific expedition made by Behring 
in 1741, these huge but gentle creatures, which lived by 
browsing On the great forests of brown seaweeds, were 
used as food by the fur traders and they only survived 
for thirty years or so after their existence was first 
recorded. 

Seals have also suffered at the hands of hunters who have 
given no thought to the future. For example, the great fur 
seal rookeries on the Pribilof Islands were for long the 
scene of intense competition between American, Russian 
and British sealers. The seals scatter widely for feeding but 
assemble annually on a few small islands for reproduction. 
On land they are the helpless prey of man and this great 
fishery was saved from certain destruction only by inter- 
national action. This was based on the findings of marine 
biologists who had studied the seals’ habits. Rational con- 
trol is possible here because these animals are polygamous, 
the oldest and most powerful bulls each collecting a large 
harem so that the young bulls are largely redundant except 
as a source of eventual replacement of older animals. 
Control of sealing consists essentially of killing these sur- 
plus males; the females with a relatively small number of 
males ensuring maintenance of stocks which have now 
regained their former numbers. 


THE “DISCOVERY” INVESTIGATIONS 


Control is easy under such conditions, but the reverse 
applies where whales are concerned. The northern Right 
Whales may be slowly recovering from excessive slaughter 
which prevailed at one period, but the maintenance of the 
size of the whale population is an immediate problem in 
the Antarctic where whaling has been largely concentrated 
this century. About a hundred years ago the invention 
of the harpoon gun made it possible to hunt the more 
powerful rorquals, including the Great Blue and Fin Whales, 
the largest animals that ever evolved. These mammals 
were too powerful to be secured with a hand harpoon: 
the hunters were baulked, too, by the fact that the dead 
carcasses do not float. The harpoon gun changed the 
situation, and its introduction was swiftly followed by 
decimation of these whales in northern seas. Then the 
whalers transferred their attention to the Antarctic, where 
the seas are richer in the whales’ food and the whales 
correspondingly more numerous. Great catches were 
made, initially by vessels based on South Georgia. By 
charging a royalty on all whales brought ashore on this 
island, the Government of the Falkland Islands was able 
to finance a long-term series of investigations into the 
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biology of whales, a research proper which was motivated 
by the hope that facts could be collected upon which a 
rational policy for the conservation of this immense natural 
product could be based. 

Such was the inception of the Discovery investigations 
which began in 1924, using first Captain Scott's old vessel 
and later the specially built and well-equipped research 
vessel Discovery 1]. Going far beyond the actual study of 
whales, Discovery investigations have covered every aspect 
of life in the Southern Ocean. Voyages have been made 
around the world in these high latitudes with the object 
of studying conditions of temperature and salinity and 
following the major water movements at all depths. Car- 
casses of many whales have been examined, especially the 
ovaries; originally this used to be done after the carcasses 
had been landed at South Georgia, but now the examina- 
tions are made on the factory ships to which most whales 
are now taken. It was found that whales feed almost 
exclusively on ‘krill’, the shrimp-like Euphausia superba 
which provides such concentrated nutriments that the 
whales reach maturity and can breed when only two years 
old. The new-born whales are twenty feet long, and the 
gestation period is only about eleven months; the Biue 
Whale is weaned when about 52 feet long, and the Fin 
Whale when some 39 feet: the females are mature when 
78 and 66 feet long respectively. 

Such impressive speed of growth and such rapid pre- 
natal development were quite unexpected, but they are a 
consequence of the immense productivity of the Antarctic 
waters during the summer months. In the southern winter, 
the whales move north into warmer waters where they may 
again be pursued by man. Too little is yet known about 
their movements during the winter. Marking of whales has 
helped in the study of their migrations, but much more 
information is needed before final assessment can be made 
of the full effect of whaling on the stocks of whales. There 
is already some measure of international agreement, based 
largely on the data obtained from the Discovery investiga- 
tions about the number of whales that may be caught 
annually, but whales are probably still being destroyed 
faster than they can make good the loss. Entirely adequate 
conservation measures must await fuller knowledge, and 
their enforcement will require agreement between all the 
nations engaged in whaling. While this may still be some 
way ahead, there is, thanks to the Discovery investigations, 
reasonable hope that the southern whales may escape the 
fate of their Arctic relatives. 

We now come to the third and last group of marine 
animals, the edible fish, which are the most numerous and 
economically the most important of all. So long as man 
caught fish by simple methods and from sailing vessels, the 
sea was literally an inexhaustible reservoir of food; the 
only problems were those of weather. Nevertheless, during 
the nineteenth century the fishing industry in Great Britain 
was seriously hampered owing to restrictions imposed by 
Acts of Parliament, some of great antiquity, which sought 
in a variety of mistaken ways to protect it. Following a 
Royal Commission of 1866, on which T. H. Huxley was 
the leading scientific authority, ali of these obsolete restric- 
tions were swept away. The industry was expanding, more 
and more fish were being caught each year to feed the 
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FIG. 7. The research vessel Discovery 1/1 now belongs to 
the National Institute of Oceanography, which has taken 
over the responsibilities of the famous Discovery Com- 


mittee. This picture, showing plankton nets and other 
apparatus, was taken aboard the vessel after the extensive 
refit completed in 1950. 


ever-growing industrial towns. There was clearly no need 
for any protection. 


SCIENCE AND THE OVERFISHING PROBLEM 


Then the sailing trawlers began to give way to steam 
trawlers, and the beam trawl to be replaced by the much 
larger otter-trawl. Less fish came from the North Sea but 
the trawlers steamed farther afield, to the north and also to 
the west and south. And the fishing fleets of all the other 
maritime nations of Europe were similarly engaged in 
exploiting the fishing grounds on the continental shelf. It 
is therefore far from surprising that during the present 
century it has become increasingly apparent that this vast 
area, representing one of the greatest fishing grounds in the 
world, is being overfished. It is quite certain that over 
wide areas the bottom-living (demersal) fish—so terribly 
at the mercy of the great trawls that sweep widely over the 
bottom of the sea—are being removed more quickly than 
they can be replaced. 

It is fortunate that a scientific inquiry had in some measure 
preceded immediate economic requirements. During the 
nineteenth century, although there was interest in the 
structure and classification of fishes, almost nothing was 
known about the life histories and habits of marine fish. 
The Victorian naturalist, Frank Buckland, in the preface to 
his Natural History of British Fishes which he completed 
only two days before he died in 1880, wrote, “We also 















FIG. 8 (eft). A Blue Whale has been hauled 
ashore, for flensing prior to processing in 
the factory. (Discovery Committee photo- 
graph.) 

Inset. Euphausia superba or whale krill. 
This shrimp-like animal, about 23 in. long, 
occurs in vast shoals in the Antarctic. 
where it forms the almost exclusive food 
of the great whalebone whales. such as the 
Blue Whale. 


FIG. 9 (below). Much information about 
fish eggs and larvae has come from the 
intensive study of marine plankton. This 
photograph by Dr. D. P. Wilson shows 
two typical fish eggs, about which little 
was known in Buckland’s time. The large 
eggis a Brill egg: the small one is a Rockling 
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FIG. 10 (inset), The larva of Thickback 
Sole (Solea variegata) soon after hatching 








want to 
fish. WI 
the plaice 
sink or ! 
young s¢ 
as yet bu 
consists, 
The re 
largely ¢ 
vestigatl 
habits of 
may be 
and lab 
underta 
will only 
obvious 
beginnit 
shape al 
many pe 
fortunat 
the estal 
the Exp 
hagen. 
the west 
There 
detailed 
ing tom 
tion Is 
most of 
proved 
which t 
more el 
tions in 
These | 
fishing 
a comb 
additior 
other 
changes 
the sea 
may be 
larvae, < 
would | 
should 
forecast 
in any 
achieve 
yet obtz 
we kno 
tions. | 
on vags 
Apar 
stocks « 
researc 
year sh 
There i: 
regions 
world \ 
the clo: 
rapid d 
is due 









) hauled 
ssing in 
' Photo- 


le krill. 
n. long, 
tarctic, 
ve food 
1 as the 


1 about 
ym the 
. This 
shows 
h little 
e large 
»ckling 


>k back 


tching. 













































JUNE 


want to know the times and places of spawning of sea 
fish. Where do the soles lay their eggs? When and how do 
the plaice, turbot, brill, halibut, &c., spawn? Do cods’ eggs 
sink or swim? What is the form and dimensions of the 
young sole just hatched from the egg? We know, moreover, 
as yet but very little of the food of these fishes, of what it 
consists, how, when and where grown, obtained, &c.” 

The reason for this comprehensive ignorance—now very 
largely dispelled—was mainly due to the difficulty of in- 
vestigating these questions. To trace the life histories and 
habits of fish, the spawning and feeding grounds of which 
may be hundreds of miles apart, demands research vessels 
and laboratories with scientifically trained staff. Such 
undertakings require government support, and this in turn 
will only be given when economic demand has been made 
obvious to the Government. It was not until about the 
beginning of this century that fishery research took definite 
shape and became organised, despite the opposition from 
many people who considered it totally unnecessary. Most 
fortunately fishery research soon became international with 
the establishment in 1902 of the International Council for 
the Exploration of the Sea with headquarters at Copen- 
hagen. Under its auspices the fishery investigations of all 
the western nations have been co-ordinated. 

There are two major problems. The first is to obtain 
detailed knowledge about every aspect of life, from hatch- 
ing to maturity, of all the major food fishes. This informa- 
tion is being obtained: we now know a great deal about 
most of these fishes; those that feed on the bottom have 
proved easier to study than the pelagic herring about 
which there is still much to be learnt. The second, and 
more elusive, problem concerns the causes of the fluctua- 
tions in numbers to which all fish are apparently prone. 
These have no necessary connexion with the effects of 
fishing but may be due to one of many possible causes, or to 
a combination of several of these. In some years major 
additions are made to the population of a particular fish; in 
other years little or nothing is added. This may be due to 
changes in water currents, which alter the temperature of 
the sea locally, or affect the fishes’ food supply: the effect 
may be on the spawning fish or it may be on the young 
larvae, andso on. Knowing the causes of these fluctuations 
would probably not enable us to prevent them, but it 
should put us in the favourable position of being able to 
forecast the whereabouts and probable abundance of fish 
in any particular year. Some success has already been 
achieved in such forecasting; but consistent success is not 
yet obtainable, and indeed it can hardly be expected until 
we know more about the underlying causes of the fluctua- 
tions. In the long run these may be found in part to depend 
on vagaries in the strength of the Gulf Stream. 

Apart from improving the accuracy with which fish 
stocks can be forecast, the supreme objective of fishery 
research is conservation. Here it is axiomatic that in no 
year should more fish be removed than can be replaced. 
There is conclusive evidence that the North Sea, and also 
regions farther afield, are being overfished. During the two 
world wars, the population of fish increased greatly during 
the close season imposed by hostilities, and then suffered 
rapid depletion in the early years of peace. To this country 
is due credit for organising an international conference 
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which met in London in 1946 and signed an Overfishing 
Convention. This has recently been ratitied by the last of 
the twelve signatories and it came into force on April 5, 
1953. Although it does not, as was originally hoped, limit 
the total fishing effort of the different countries, it does fix 
a minimum size below which fish should not be retained, 
and it lays down a larger mesh which will enable more of 
the younger, immature fish to escape. It is certainly an 
important move in the right direction and may be con- 
sidered the major development to derive from fishery 
research in European waters up till now. 

The question may reasonably be asked whether we cannot 
increase the stocks of fish by aquiculture as we can cer- 
tainly increase stocks of oysters. Certain experiments to 
this end were indeed carried out on the west coast of Scot- 
land during the war. The results were of scientific rather 
than economic interest. The basic difficulty is that when 
we enrich the sea we initially increase the population of 
microscopic plants. But the animals that feed on these are 
not the fish but other animals, in the surface waters or on 
the bottom, on which the fish may eventually feed. It is 
as though we cultivated fields not for the benefit of herbi- 
vorous sheep or cows but for that of some carnivorous 
animal that fed on the sheep or cows. The wastage may be 
imagined. The highly productive pond culture of the Far 
East depends on the rearing of herbivorous fishes. All 
our marine fishes are carnivorous and their increase by 
aquiculture can never be an economic proposition. 

It has also been suggested that instead of capturing fish 
we should attempt to collect in bulk the minute, but 
countless, members of the plankton on which they feed. 
But this plankton is patchy, both in terms of horizontal 
and vertical distribution. Fish doubtless have methods of 
finding it which we do not possess. The immensely rich 
swarms of whale krill in the Antarctic might well be worth 
collecting—perhaps by some suction method—if whales 
became very scarce. But certainly as things are at present 
it is better to leave fish and whales to find and accumu- 
late the plankton within their bodies and then for us 
to catch these larger animals. It is far from certain 
whether the direct collection of plankton would ever be an 
economic proposition; even assuming we could locate 
the swarms with the same efficiency as do their natural 
predators. 

This brief survey has revealed two ways in which know- 
ledge gained from the study of marine life can be practically 
applied, namely aquiculture and conservation. Apart from 
some cultivation of seaweeds, mainly in Japan, the former 
is confined to herbivorous animals (what a pity the northern 
sea COW was exterminated) and to those where stocks can 
be increased by supplying additional surface for settle- 
ment. Even then protection must be provided against the 
enemies which are attracted, as always. by these artificially 
dense populations. Continuous research is needed to 
maintain as well as to initiate aquiculture. New problems 
continually have to be faced. 

The main application of marine biological research 
remains in the field of conservation. The intelligent hunting 
of whales, seals and fish depends on knowledge of their life 
history and habits and of the basic conditions that con- 
trol productivity and numbers. After a period of mass 
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destruction, which unhappily involved extermination of 
some species, man has begun to acquire the necessary 
knowledge and the enlightened self-interest which must 
precede conservation. Asa reservoir of food the oceans are 
certainly not yet fully exploited except perhaps in European 
and Japanese waters. Nevertheless, future development 
seems likely to take the form of intelligent collection of what 
is there rather than an attempt to increase this. Addition of 
nutrient salts —phosphates and nitrates—to the sea Is alto- 
gether wasteful; these substances have far greater effect, 
so far as provision of human food is concerned, if added as 
fertilisers to land. Enormous untapped resources of these 
salts do exist in the great depths of the oceans far removed 
from light without which the plants they could nourish, 
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medicine, religion, and commerce generally, were con- 
tributing at the highest levels from their special knowledge. 
It was natural enough that scientists should contribute too. 

A compelling reason why the military experts came to 
have a higher regard for scientific advice was, said the 
lecturer, the practical proof which the scientists provided 
of their ability to contribute so much in non-technical or 
semi-technical fields. Here Dr. Wansbrough-Jones cited 
the story of radar. The original sets were considered by the 
Service users very complicated and difficult to maintain: 
in practice they gave results only a half or a third as good 
as those predicted for them. So scientists were recruited to 
study the performance of the sets, and they succeeded in 
effecting a big improvement in actual operational efficiency. 
This was the start of ‘operational research’ in the last war. 
The Service chiefs were impressed with the practical advice 
which scientists could offer after analysis of operational 
data, and before the war was over, strategic problems as 
well as problems of weapons and tactics were admitted to 
be within the scientist's province. The lecturer quoted 
Prof. P. M.S. Blackett’s classic study which showed how 
the efficiency of air attack against submarines could be 
increased. Similar studies were made of air bombardment 
in general. Fighter tactics were modified after the scientists 
had analysed all the factors involved. As Dr. Wansbrough- 
Jones said, “By the end of the war all three Services had 
their own operational research teams at work in the field 
and at various headquarters, and there was installed, in the 
Service Ministries and at many major commands, senior 
scientists, of such rank and status that they could discuss 
on equal terms with senior serving officers the Services’ 
problems from a scientific view-point. The general pro- 
gramme for research and development was evolved by such 
joint discussions, later to be carried out by the Ministry of 
Supply or of Aircraft Production, and by the Admiralty’s 
own Royal Naval Scientific Service. It really worked very 
well and a very similar pattern developed in America.” 

Nothing similar happened in Germany, where science 
failed signally to contribute to the war effort. 

Dr. Wansbrough-Jones ended his lecture by defining 
briefly what he considered the special contribution of the 
scientists in Service matters should be. He said, **The 
scientist possesses a knowledge of some scientific techniques 
which are useful, and he is generally better equipped to 
control and administer a scientific force or establishments 
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cannot exist. If ever made available these reserves would 
certainly have a dramatic effect on marine productivity. 
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than a man who has not had the same general 
training, just as a general gets part of his qualifications 
from having been a junior officer. Additionally, he has a 
scientific attitude of mind, a desire to se2 the real basic 
problems clearly, not in a semi-formulated condition, anda 
desire to test all results and opinions by all the quantitative 
and numerical methods available. He is accustomed to 
setting out his problems as a simplified model and using 
working hypotheses, which he does not mind discarding as 
soon as they have been proved wrong or served their 
purpose. He will never commit himself to an answer till he 
is at least nearly sure he ts right. 

“Some of these qualities are shared by the trained 
military mind: but in a different degree. Others are almost 
directly contrary to it. The real step forward was the 
integration of the two disciplines, service and scientific, 
at a high level. Thus were the real problems isolated, 
studied by the best scientific means available, and the 
results checked in the field by the method of operational 
research in which there is nothing new beyond their exten- 
sion to wider fields. Operational research has been variously 
described: generally in terms of providing quantitative data 
on which executives, business or Service, can take decisions, 
but it is not quite so simple as that, for generally the 
critical controlled experiments that the scientists want 
cannot be set up and performed. It is more a matter of 
arranging to study or measure different parts of an opera- 
tion that is in progress and formulate the results as well as 
possible. The fact that we did, on the whole, get on so well 
in the last war is due mainly to the generous acceptance by 
serving officers at many levels of the ideas I have described. 
Acceptance may have started to a certain degree because 
science was fashionable, as a political insurance, or from 
the conception that the scientist might have some war- 
winning piece of magic. But I think progress would not 
have been possible had not the technical and scientific 
knowledge and appreciation within the Services themselves 
been greater than is commonly admitted.” 

The lecturer's final remark was on the subject of tech- 
nical education in the Services, which has advanced since 
the war, and in this context he quoted the Duke of 
Edinburgh's comment about the Royal Military College 
of Science —‘*An establishment which teaches science to 
soldiers and at the same time soldiering to scientists is not 
an interesting novelty, it is an absolute necessity.” 
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THE BASIS OF ELECTROMYOGRAPHY 


P. BAUWENS 


M.R.CS 


Everyone is familiar with the ‘brainwaves” revealed by the electroencephalograph, and the way these 


patterns can be utilised for diagnostic purposes. 


Characteristic 


‘waves’—electrical patterns, that is—are 


produced by muscles, and these can be studied by means of the electromvograph. In this article Dr. Bauwens, 
physician-in-charge of the Physical Medicine Department at St. Thomas's Hospital, discusses the basis of 


electromyography and its application in diagnosis. 


It would be safe at any time to bet that several thousand 
people in the world are at that instant part of an electric 
circuit. In a minority of cases this would result in an 
unpleasant experience, as would happen for example when 
a human being made accidental contact with high-voltage 
gear, or through an encounter with an angry electric fish. 
In a majority of cases, however, the purpose is for man’s 
benefit. The object is therapeutic, diagnostic or experi- 
mental, and the electricity is usually supplied from external 
sources, although when a doctor is in quest of diagnostic 
signs, the patient is frequently called upon to play the part 
of a generator and to behave in a manner not unlike that 
of the angry electric fish. 

When the word generator is used in connexion with 
electricity, it conjures up visions of dynamos or even Wims- 
hurst machines as sources of potential difference. Nothing 
of this sort exists in the human body; electricity of organic 
origin is produced in a different way and is referred to as 
hioelectricity. 

If two suitable electrolytes—say sodium chloride and 
potassium chloride—are completely separated by a mem- 
brane, such as parchment or some _ water-immiscible 
organic substance of high resistance, a potential difference 
of several millivolts is found to exist between the two 
electrolytes. In living cells, conditions required for the pro- 
duction of a potential difference across the cell boundary 
are provided by the presence of a zone of low permea- 
bility at the periphery, coupled wiih a difference in the 
electrolytic composition of the cell content and its surround- 
ing fluid. Such cells are said to be polarised, and it is 


probable that they remain so when they are at rest. If 


they come under the influence of stimulus sufficiently 
strong to make them react, it appears that the permeability 
characteristics of the limiting membrane change and this 
allows a free migration of ions across the membrane. This 
depolarisation, which is a by-product of activity, is localised 
at first, but then proceeds to spread over the whole surface 
of the cell. It is, however, short-lived as the membrane 
soon regains its former properties. 

It will be appreciated that if such a depolarisation 
phenomenon occurs rapidly, it will produce considerable 
electrical disturbances in the environment of the active 
cell. These disturbances are termed action potentials, and 
they are the more readily detected if the active cells are 
elongated and the depolarisation phenomena are propa- 
gated axially. Where several cells are orientated in the 
same way and act simultaneously, their potentials add up. 
These conditions exist in the heart muscle, and the electrical 
disturbances related to contraction are of such amplitude 
that they are readily demonstrated without amplification 
with sensitive galvanometers. The analysis of the wave form 


of the disturbances produced during heart muscle activity 
is the basis of what is known as electrocardiography. 

In the central nervous system, activity also gives rise to 
fluctuating currents, the study of which constitutes e/ectro- 
encephalography. Paradoxically, this fluctuation is de- 
pressed during normal cerebral activity, and also in the 
presence of brain tumours; on the other hand, the elec- 
trical effect is manifest as a rhythmic repetitive pattern 
when the subject is resting, and as electrical discharges 
from focal points in cases of epilepsy. 

Electromyography is yet a third method whereby analysis 
of electrical disturbances affords valuable assistance in 
diagnosis. Here the electrical variations are picked up in 
muscles with the object of throwing light on the condition 
of the nervous system and its muscular dependents. 


THE MOTOR UNIT 
Movement in the human is produced by muscles in which 
chemical energy is translated into mechanical energy. The 
remote control of the muscles is provided by the nerves 
along which impulses are conducted. 
The functional element of the muscle-nerve system ts 
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FiG. 2 (left). Zones of depolarisation propagated along 
active muscle fibres provoke the electrical disturbances 
which are analysed to diagnostic ends. 

FIG. 3 (below, left). Action potential from single 
muscle fibre (time scale in milliseconds). It is of the 


sort called ‘diphasic’. 


FIG. 4 (below right), Action potentials from whole 
motor unit. (Time scale in milliseconds.) 
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called the ‘motor unit’. It consists of a single motor nerve 
cell located in the spinal cord or in the brain, with its 
elongated fibre-like process called an axon, and the bundle 
of parallel muscle fibres which it dominates. The number 
of muscle fibres in a motor unit varies considerably, and 
may be as high as 300. In every case, the axon branches a 
sufficient number of times to ensure that each fibre gets a 
nerve supply. Fig. | is a diagrammatic representation of 
the components of a motor unit comprising three muscle 
fibres. In some diseases characterised by wasting, muscular 
weakness, rapid fatigue and paralysis, different parts of the 
motor unit may be affected. In some, as in poliomyelitis, 
the function of the nerve cell in the cord may be impaired 
in the first instance and later cease altogether. In others, as 
in neuritis or pressure from various causes, conduction 
along the axon trunk may be interrupted or the axon itself 
may become discontinuous. The motor unit as a whole 
then ceases to operate as far as volitional and reflex 
activity is concerned. If, however, the interruption occurs 
in branches, only those muscle fibres innervated by affected 
branches fail to function. | 

Diseases primarily attacking muscle fibres also result in 
inefficiency of the motor unit. Each pathological process 
visiting the body frequently appears to have a predilection 
for a particular part of the motor unit. 

Although the normal muscle fibre is polarised when it ts 
at rest, it is electrically silent in this state. Fig. 2 attempts 
to depict sections of the muscular part of three motor units 
Each comprises a number of parallel muscle fibres, deriving 
their nerve supply from the ramifications of three axons. 
From this it can be inferred that if the electrical changes 
along a portion of an isolated active muscle fibre were 
picked up, amplified and displayed on a cathode-ray 
oscilloscope, then the propagated zone of depolarisation as 
it passed under the two electrodes would give rise to a wave 
having two ‘stabs’ of potential, one opposite to the other— 
a so-called diphasic wave. From a single fibre this would 
have a duration of approximately | millisecond (Fig. 3). 
Such a phenomenon is not normally seen since an impulse 
arising from a nerve cell simultaneously excites all the 
muscle fibres that go to make the motor unit. The aggre- 
gate potentials picked up under those conditions add up to 
a wave of large amplitude and duration—more often 
triphasic (Fig. 4), that is, with three ‘stabs’ of potential. 


DAMAGED MOTOR UNITS AND THEIR 
ACTION POTENTIALS 


In mammals, sustained muscle activity is obtained by 
repetitive stimulation of muscle fibres in the motor unit 
and progressive increase in pull by bringing more units into 
play. These motor units act independently and when 
several are in action, their individual potentials add alge- 
braically. On full volitional activity the net result is an 
irregular pattern where signs of this random summation 
are obvious (Fig. 5). 

In diseases which cause degeneration of the nerve cell 


‘or of axon trunks, whole motor units become inoperative 


so that the extension of the condition causes this inter- 
ference pattern to become thinned out until rt is reduced to 
the rhythmic repetition of the action potential of the last 
motor unit within range of the exploring electrodes to 





remain intact. The eventual failure of the last survivor 
means loss of activity on volition, but does not necessarily 
result in silence at rest. Degeneration of the nerve does not 
imply the death of the muscle fibres. Indeed with the 
release from nervous control, they adopt an autonomous 
form of life which causes them to behave independently. 
This is frequently manifested as a spontaneous regular 
repetitive spike-like potential termed ftbri//ation potential. 

Not all motor units appear to have the same function. 
There is evidence that those which are responsible for 
accurate movements have small muscle components, and 
give rise to small action potentials. Since they are recruited 
first, the inception of movement is accompanied by small 
amplitude fluctuations. On the other hand, units with 
large muscular components come into action late and when 
force is required to overcome resistance. The small muscle 
components appear more vulnerable to some disease 
processes in the spinal cord and when they succumb the 
electromyographic picture on volition is dominated by the 
large amplitude potentials of the large muscle components. 

When instead of motor units dropping out one by one, 
the decrease in activity is produced by failure of the actual 
muscle fibres, then the wave forms of the motor-unit 
potentials undergo qualitative changes. Thus, though the 
action of several score muscle fibres acting almost simul- 
taneously may add up to give a consolidated potential of 
smooth outline, a motor unit with a gross depletion of 
operative muscle fibres will show its penury by a ragged 
Outline as well as a decrease in amplitude. In advanced 
cases, motor units in which all muscle fibres except one 
have ceased to act, can be detected (Fig. 6); but when all 
the fibres within some motor units become inoperative, the 
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FIG. §. Pattern resulting from the activity of several 
normal motor units acting simultaneously for 
increased muscular effort under control of the will. 
(Time scale in milliseconds.) 
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FIG, 


6 (top left). 
several motor units with grofsly 
components. (Time scale in milliseconds.) 


reduced muscle-fibre 
FIG. 7 (top right). Spontaneous (non-volitional) electrical 
activity when there ts a lesion in the spinal cord, a typical 
‘fasciculation’ electromyogram. 
FIG. 8 (above). Electromyographic exploration of short 
extensor muscle of the toes. The illustration shows the 
complete equipment. The chassis of the rack (working 
from top downwards) contains the following items: 

(1) Cathode-ray tubes for display direct from amplifier 

and from magnetic tape. 

(2) Magnetic signal storage device. 

(3) Drum camera and single-shot camera. 

(4) Cathode-ray tubes for cameras. 

(S) Power packs. 

In the foreground ts the console with the control panel. 


Pattern resulting from the activity of 
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units thus affected become electrically silent. Consequentl\ 
in advanced cases of this type, a decrease in the number of 
actual motor unit potentials is observed in addition to the 
ragged wave form and diminished amplitude of the residual 
electrical manifestations. 

The spontaneous activity of individual denervated 
muscle fibres is not the only one. There is ‘fasciculation’, 
which denotes a type of intermittent activity of a bundle of 
muscle fibres—probably those comprising a motor unit. 
This occurs in diseases characterised by the occurrence of 
damage in the spinal cord. Even when it produces no 
obvious clinical symptoms, it may be demonstrated by the 
electromyograph. Frequently it shows up in the electro- 
myogram in the manner seen in Fig. 7: note the character- 
istic way in which several ‘stabs’ of potential are bunched 
together in the centre of the record. (This is called a 
polyphasic wave.) 

A disease which has no anatomical basis to account for 
its features gives rise to long trains of action potentials 
apparently due to protracted contractions in muscles 
hypersensitive to mechanical stimulation. 

Other departures from normality occur both on volition 
and spontaneously. Some can be provoked by the adminis- 
tration of drugs, and under those conditions furnish 
further valuable information, but enough has been said 
to show that electromyography is of sufficient importance 
as an aid to diagnosis and as an adjunct in research to 
warrant its inclusion in the medical armamentarium. 


ELECTROMYOGRAPHIC EQUIPMENT 


In theory any equipment consisting of an amplifier 
feeding a cathode-ray tube could serve as an electromyo- 
graph, provided it could effectively magnify the potentials 
of the order of 100 microvolts which are picked up by the 
needle electrodes introduced into muscles. In practice it !s 
difficult to keep an eye on a cathode-ray tube while explor- 
ing a muscle: so a loudspeaker is expediently added to the 
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As musicians well know, the ear Is a very 
accomplished discriminator of complex sounds, and with 
a little practice it is easier to recognise electromyographic 
phenomena when these are translated into sound than 
when they are projected on the screen of a cathode-ray tube. 
Even so, for eventual analysis, classification and descrip- 
measure duration, 
frequency and wave form. At first sight it would seem that 
acontinuously acting film camera would solve the problem. 
to provide for good definition when the 
phenomena under study persist for only a millisecond or so, 
the film has to run at the rate of a foot per second. For 
unpredictable 
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impracticable. 


amplitude, 


and transient 


phenomena occur and are of importance, this method is 
The necessity of wasting many yards of 
film in order to record such phenomena can be avoided by 
a system of short-term signal storage, based on magnetic 
recording and providing for the recalling of past events for 
the purpose of analysis. The equipment illustrated in Fig. 8 
embodies this refinement in addition to many other features 
such aS cameras designed to take a single sweep of the 
cathode-ray tube or shots of more prolonged phenomena 
on a revolving drum. 

(The author wishes to acknowledge his indebtedness to 
the authorities of St. Thomas's Hospital for their permission 
to publish the figures illustrating his article.) 
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Night Sky in June 


The Moon.—New moon occurs on June 
lid 14h 55m, U.T., and full moon June 
27d 03h 29m. The following conjunctions 


with the moon take place: 
June 
8d 08h Venus in con- 

junction with 

the moon. Venus 8 - 
13d07h Mercury ,, MercuryOl N., 
2id 16h Saturn Saturn & N., 


In addition to these conjunctions with 
the moon, Mercury is in conjunction with 
Mars on June 2d 10h, Mercury being 
lO N. 

The Planets.—Mercury 1s 
star, setting at 21h, 21h S5m and 2th 
35m on June 1, 15 and 30, respectively 
and can be seen in the western sky after 
sunset. Venus is a morning star; its times 
of rising at the beginning, middle and end 
of the month are 2h 20m, th 55m and 
lh 30m, respectively. The visible portion 
of the illuminated disc varies from 0-36 to 
0-54 during the month and the stellar 
magnitude averages 0-40 Mars, an 
evening star, sets at 21h on June | but at 


an evening 


the middle of the month it sets only halt 


an hour after the sun and will not be 
visible. Jupiter is a morning star, rising 
about the same time as the sun on June |! 
and at 3h and 2h 10m on June 15 and 30, 
respectively, in the former case only three- 
quarters of an hour before sunrise and in 
the latter case 14 hours before sunrise 
when it can be seen in the constellation 
Taurus. Saturn is visible throughout the 
night, its time of setting on June 1, 1S and 
30 being 2h 10m, th 20m, and Oh 20m, 
respectively and can be seen a little N. 
of Spica. Attention has already been 
drawn to the conjunction of Saturn with 
the moon on June 21. 

Summer solstice takes place on June 


21d 17h. 


Science Masters in Scotland 


Members of the Scottish branch of the 
Science Masters’ Association, which held 
its Annual meeting in Edinburgh on April 


7-10, were told of the need to interest their 
pupils in careers in chemical engineering. 
The president, Dr. H. G. Nisbet, principal 
of the Heriot-Watt College, said that 
Britain must have more chemical engineers 
if it is to maintain tts place as a leading 
industrial nation. 

The teaching of the M.K.S. system of 
electrical units was the subject of two 
important lecture-demonstrations by F. A. 
Meier of London University’s Institute of 
Education. The novel apparatus, devised 
for use in school laboratories in this con- 
nexion, particularly impressed his audience, 
who were told that the new approacn ts far 
easier than the old. 

The director of the City Observatory in 
Edinburgh, N. G. Matthew, asked for the 
inclusion of some astronomy in the school 
science syllabus, and outlined appropriate 
teaching methods, both theoretical and 
practical. He said there was scope for 
senior pupils to join in research by enroll- 
ing as members of the team of observers 
who are reporting On appearances of the 
Aurora Borealis. 

Science 


Modern Navigation: Special 


Museum Exhibition 
“The modern methods and equipment of 
navigation” is the theme of the Science 
Museum's exhibition which can be seen 
until September 20. Readers will find of 
particular interest the section devoted to 
radar equipment. 

A special booklet has been prepared in 
connexion with this exhibition; it ts 


entitled Navigation Today, and can be 
obtained by post (ls. 8d, including 
postage) from the Science Museum, 
London, S.W.7. 

ok * 


Also on show its a fine collection of 
historic books tracing the development of 
machines (including printing machines 
and the steam engine) from classical times 
up to the 18th century. The part played 
by such pioneers as Archimedes, Boyle, 
Papin, Savery and Pascal is well illus- 
trated. This exhibition remains open until 
August 30. 
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The December Fog 


The last issue of Smokeless Air (1953, No. 
85) contains a survey of the phenomenal 
four-day fog of last December. This 
caused many deaths: according to one 
estimate, the death rate per million of 
population in the County of London was 
445 for the week ending December }3. 
To find any comparable mortality due to 
fog it is necessary to go back to 1873. 

The rise in the death rate followed 
closely the rise in the smoke content and 
sulphur dioxide content of the atmosphere. 

The survey also deals with the economic 
consequences of this fog. The financial loss 
to Londonis put at notlessthan£10 million. 

Damage done to plants in Kew Gardens 
is also described; the worst affected were 
the tropical plants, those in the Palm 
House being severely defoliated. A general 
lesson, says Sir Edward Salisbury, to be 
drawn is that “‘greenhouse plants are less 
severely damaged by a town fog if the 
temperature is kept low and the atmo- 
sphere dry” 

Parliamentary questions and answers on 
the fog are printed as an appendix to the 
survey. One of these raises a technical 
query which deserves to be investigated. 
This concerns the increased use of modern 
coal-burning appliances that burn. all 
night. Some experts believe that these units 
generate tar in considerable quantities 
when they are shut down at night, but no 
quantitative study of this possible effect 
seems to have been made so far as we know, 


A New Anaesthetic 

A promising new anaesthetic, now being 
tested on human patients, has emerged 
from fifteen years’ research work by 
Professor J. C. Krantz of the Johns 
Hopkins University, Baltimore. This 
compound trifluoroethyl vinyl ether ren- 
ders a patient unconscious In about half 
a minute. It is far less inflammable than 
ordinary ether, and its use would reduce 
the risk of explosions occurring in operat- 
ing theatres. Its high boiling point 
represents an advantage in medical use in 
hot climates. 











Ultra-high-speed Cameras and Atomic 

Explosions 
in the Monte Bello atomic tests of October 
1952 a special camera was used to record 
the progress of the explosions. This was 
stated to be capable of taking 100 pictures 
at ten microsecond intervals; the exposure 
time for each picture was about one ten- 
millionth of a second. 

The Americans have since released 
few details of a camera developed by the 
Los Alamos Laboratory for the same 
purpose. This camera is able to take a few 
photographs at a speed of three and a half 
million frames per second. One feature 
of this camera is a two-surfaced mirror 


which is capable of revolving at a speed of 


10.000 revolutions per second, and this is 
coupled to a specially designed optical 
system. The film itself is kept stationary, 
and it is the optical system which moves. 
The photographs are recorded on two 
stationary strips of film on which between 
fifty and one hundred frames can_ be 
recorded within 1 200,000 of a second. 
No shutter operates between the frames, 
but at the end of each period of photo- 
graphing a small piece of plate glass ts 
shattered by the shock-wave from a high- 
explosive detonator, becomes opaque, and 
effectively closes the filming aperture 
within “a few millionths of a second” 


D.S.1.R. Publications 

For the benefit of research workers and 
librarians the D.S.I.R. has prepared a 
complete list of its publications which are 
still in print or in the press. This can be 
obtained on application to: The Director 


of Publications (Section SP), H.M. 
Stationery Office, Atlantic House, Holborn 
Viaduct, London, E.C.1. 


Postcards announcing the appearance 
of future publications wili also be sent 
upon request to the same address; D.S.I.R. 
applicants are requested to indicate the 
subjects or D.S.I.R. organisations in 
which they are interested. 


Plastics transformed by ‘atomic-cooking’ 
Plastics that have been ‘cooked’ in an 
atomic pile for a few hours emerge as 
virtually new materials. After irradiation 
they become stronger and more resistant 
to corrosion. The extent to which their 
properties change depends upon the 
amount of radiation they receive. 

Such irradiated plastics also possess a 
remarkable ‘shape memory’. A piete of 
treated thermoplastic material can be 
pressee or twisted to any shape when hot 
and will retain this form when cool. When 
heated again, however, it immediately 
reverts to its original shape. 

The Ministry of Supply showed speci- 
mens of these new materials for the first 
time at the exhibition of the Radio and 
Electronics Components Manufacturers’ 
Federation in April. 


Standards of Protection for Radio-isotopes 
The increasing use of radio-isotopes has 
led to a need to standardise measures to 
protect human beings from their radiation. 
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The U.S. Bureau of Standards has just 
published, as Handbook 52, a report 
giving the most acceptable values of 
maximum permissible amounts of the 
various radio-isotopes in the human body 
and of the maximum permissible concen- 
trations of these radio-isotopes in air and 
water. The document deals with some 
70 radio-isotopes, and the Bureau intends 
to issue supplementary reports from 
time to time. Recommendations for 
avoiding Or minimising the hazards are 
described. 


New Foreign Members of the Royal Society 
At a meeting of the Royal Society on 
April 23 the following were elected Foreign 
Members of the Society: 

Prince De Broglie (Paris), Marie Jules 
Constant Robert Courrier (Paris), Her- 
mann Joseph Muller (Bloomington, 
Indiana) and Wolfgang Pauli (Zurich). 


The SFA’s New President 

The Scientific Film Association has elected 
Sir Arthur Elton as its president for the 
year 1953-4. Asaresult of recent changes 
in the Articles of Association the 
SFA’s Council of Management will in 
future consist of the officers, six elected 
members and seven members nominated 
by the Lord President of the Council to 
represent general scientific and public 
opinion. 

The members nominated by the Lord 
President this year are: Mrs. Jacquetta 
Hawkes, Dr. F. H. K. Green (Medical 
Research Council), Dr. Alexander King 
(D.S.1.R.), Sir lan Orr-Ewing, M.P., John 
Ryan, Sir William Slater (Agricultural 
Research Council) and Sir Robert Watson- 
Watt. 

The six elected members are: Bernard 
Chibnall, Dr. R. C. MacKeith, John 
Maddison, C. A. Ronan, C. H. Sylvester 
and R. A. Williams. 


1.C.1.’s new Research Director 

Sir Wallace Akers retired from the Board 
of Imperial Chemical Industries on 
April 30, and his place has been taken by 
Dr. R. Holroyd. On the same date Mr. 


W. F. Lutyens was succeeded as I.C.I.’s 
Development Director by Mr. C. R. 
Prichard. 


Sir Wallace Akers had been the Director 
responsible for research since 1941. Dur- 
ing the last war Sir Wallace Akers was 
Director of Atomic Energy for the 
Ministry of Supply. 

Dr. Ronald Holroyd, who is a graduate 
of Sheffield University, has been con- 


tinuously connected during his service 
with I.C.1. with hydrogenation and oil 
research, mostly at the Billingham 
Division. He joined the I.C.1. Board in 
19S2. 


Mr. C. R. Prichard, an Oxford gradu- 
ate, joined Brunner, Mond & Co. in 1926, 
and served with this company and I.C.I.’s 
Alkali Division—its successor—from then 
until 1950. He has been on the J.C.I. 
Board since November 1952. 
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Physical Society Prizes for Craftsmanship 
Each year the Physical Society holds a 
craftsmanship and draughtsmanship com- 
petition, the prizewinning exhibits being 
shown in the Science Museum. 

This year’s prizewinners in the scientific 
instrument and component section were: 

Junior Grade: 1. B. R. Farthing 
(Negretti & Zambra); 2. G. J. Brown 
(Negretti & Zambra); 3. V. A. Basham 
(George Kent Ltd.). 

Senior Grade: 1. OD. 
(Negretti & Zambra); J. E. Laycock 
(Telecommunications Research  Estab- 
lishment): 3. H. D. Pavitt (Hilger & Watts) 
and R. C. Moody (Marconi’s). 

R. J. Wales and S. C. Turner, both of 
Hilger & Watts, were first and second, 
respectively, in the optical system section. 

The prizes for blown-glass and silica 
ware went to: I. R. W. Clay (BTH); 
2. P. R. Smoothey (GEC Research Labs.): 
3. D. J. Keast (BTH). 

The Silvanus P. Thompson Prize was 
awarded to R. G. Munro (Marconi’s) 


F. Conway 


and R. W. A. Davis (BTH) received 
honourable mention. 

Human Factors in Industry 

Two committees to work on human 


problems in industry have been set up 
jointly by the D.S.I.R. and the Medical 
Research Council. One will deal with 
human factors in individual efficiency and 
the other with human relations. The 
division of interest between them is 
broadly that the first will study the indi- 
vidual worker and his job, and the second 
such things as the relation between the 
manager and the worker, between the 
worker and his mates and between the 
foreman and the technical specialist. 

Sir Frederic Bartlett, till recently pro- 
fessor of experimental psychology at 
Cambridge, is Chairman of the Committee 
on Individual Efficiency in Industry. Mr. 
A. B. Waring, who is managing director of 
Joseph Lucas Industries Ltd., presides 
over the second committee, whose official 
title is the “Committee on Human Rela- 
tions in Industry” 

The problems with which the new com- 
mittees will be concerned can be grouped 
under four headings. These are: 

|. Fitting the job to the man, meaning 
work on the design of tools and working 
equipment to suit the man who uses them, 
time and motion study, the effect of 
factory lighting and heating, noise, etc., 
on performance. 

Selection and training. 

Assessing the job. This is concerned 
with such things as work measurement, 
job appraisal, time and motion study as a 
means of assessing a fair day’s work, etc. 

4. Human behaviour and human rela- 
tions. This includes joint consultation, 
attitudes to work and the structure ol 
informal groups in the factory. 

The first three categories of problems 
are the responsibility of the first com- 
mittee; the last category is the province ol 
the second. 

To start with, 
problems found to 
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investigation will be shared out between 
existing research units already working in 
this field. The Treasury will provide funds 
for such researches, and the whole project 
is likely to cost about £100,000 a year 
when it gets into its stride. Industrial 
firms will be able to bring problems that 
call for investigation by research units to 
the committees’ attention; indeed liaison 
of this kind, which has proved remark- 
ably useful in the case of the Industrial 
Health Research Board, will be actively 
encouraged. 


Graded List of Science Films 

The Film committee of the Association of 
Scientific Workers (15 Half Moon St., 
London, W.!) has prepared a_ second 
edition of its Graded List of Scientific 
Films. This has been printed to make a 
73-page book, published by Harvey and 
Blythe Ltd. 


.C.1.’s Film Library 

Latest addition to the Film Library organ- 
ised by Imperial Chemicals is a film en- 
titled The Technique of Sampling, designed 
expressly for analytical chemists. It shows 
sampling methods used by I.C.I. for 
nitrate of soda, limestone and coal. Also 
dealt with is the aseptic sampling of 
penicillin. Illustrated in less detail are 
sampling methods used for cotton fabric 
(for leathercloth), sodium and ammonia. 
The film ends with the procedure of 
sampling and testing of the atmosphere in 
a confined space to ensure that it ts free 
from dangerous fumes. 

Inquiries about the borrowing of this 
and any other films made by I.C.1I. should 
be addressed to: Film Library, [.C.1. Ltd., 
Imperial Chemical House, Millbank, 
S.W.1. 


The Science Technologists’ Association 
Now embarking on its fifth year of exist- 
ence the Science Technologists’ Associa- 
ion has a membership now approaching 
the thousand mark, and has built up eight 
acuve branches—in London, Edinburgh, 
Glasgow, Cardiff, St. Andrews-Dundee, 
Newcastle upon Tyne, Manchester, and in 
Ireland. 

The association takes a special interest 
in the training of laboratory technicians, 
and has a tutorial panel to conduct 
courses in laboratory techniques in a 
number of centres throughout the country. 

Details of membership may be obtained 


trom the S.T.A.’s Hon. Gen. Secretary 
(F. W. L. Croker), Ee Dept.., 
Imperial College, London, S.W. 7 


New Principal for Imperial College of 
Tropical Agriculture 
Dr. Geoffrey Alton Craig Herklots has 
been appointed Principal of the Imperial 
College of Tropical Agriculture, Trinidad, 
in succession to Mr. H. J. Page, who 
recently joined F.A.O. Dr. Herklots has 
been secretary for Colonial Agricultura! 
Research at the Colonial Office since 1948. 
Born in 1902, Dr. Herklots was edu- 
cated at Trent College, Derbyshire, Leeds 
University and Cambridge University. 
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After holding university posts in Leeds 
and Hong Kong, he joined the Nutrition 
Survey in Nyasaland in 1939, and in 1940- 
41 he was seconded to the Government of 
Hong Kong as Scientific Adviser to the 
Food Controller. From 1941 to 1945 he 
was interned by the Japanese. For two 
years after the war he was Secretary for 
Development, Hong Kong, and in charge 
of the Departments of Agriculture, 
Fisheries, Forestry and of Gardens. 


Breadmaking without Agene 

Chemical bleaching agents and improvers 
used in making white bread have been 
under a cloud of suspicion ever since Sir 
Edward Mellanby announced that the 
flour treated with one of these chemicals 
—agene—can cause hysteria in dogs, 
though there is no evidence that treated 
flour is toxic to humans. A process which 
uses no chemical improvers, yet gives 
equally good results in breadmaking as 
does the agene process, has been developed 
in Britain. In this process flour is mech- 


LETTER TO THE EDITOR 





anically whipped with water at high speed, 
and atmospheric oxygen which is en- 
trapped in the whirling batter bleaches 
and improves the flour, which is then ready 
for ordinary mechanical kneading into 
dough. 


Careers for Science Graduates 

Careers open to science and engineering 
graduates are described in the booklet The 
Graduate and the G.E.C. Readers requir- 
ing a copy should apply to: The Manager, 
Training and Personnel, G.E.C. Ltd., 
Magnet House, Kingsway, London, 
W.C.2, mentioning Discovery by name. 


Rutherford Memorial Lecture 

The Rutherford Lecture for 1953 will 
be delivered by Sir James Chadwick at 
McGill University, Montreal, in the 
autumn. This is the second Rutherford 
Lecture to be delivered under the terms of 
the Rutherford Memorial Fund. The first 
was delivered last year in New Zealand by 
Sir John Cockcroft. 


A BOOK REVIEW CRITICISED 


Sir, 

|! am grateful to Dr. Lilley for his notice 
of my book, Augustine to Galileo: the 
History of Science A.D. 400 1650 in the 
May issue of Discovery, but his presenta- 
tion and critique of my theme appear to 
me to be in some respects so perverse that 
| feel hound to correct the false impression 
they may give 

(1) He asserts that my “main thesis ts 
that most of the ideas . that went to 
make the Scientific Revolution [of the 
loth and 17th centuries] were actually 
derived from 1[3th- and = 1I4th-century 
scholars”. I can only conclude that the 
reviewer took up the book with a pre- 
conceived idea of what its mainthesis ought 
to be. To illustrate this idea he cites my 
supposed belief that Galtleo’s scientific 
method “was a mere continuation of the 
medieval trend”. In fact I gave a particu- 
larly detailed analysis (pp. 
how Galileo, by means of a special con- 
ception of the role of mathematical 
hypotheses and of a powerful mathe- 
matical technique (points overlooked by 
the reviewer), succeeded in making of the 
nethod of hypothesis and experiment 
something with a power to solve problems 
entirely beyond the methods of the medie- 
val natural nhilosophers. Certainly this 
revolution in scientific thought was a ““con- 
tinuation of the medieval trend” in the 
sense that it made use of some ideas about 
the use of mathematics and experiment 
developed in the 1[3th, 14th and 15th 
centuries: that is not the same as saying 
that Galileo's work was a “mere continua- 


tion’. The same applies to many other 
aspects of science. The reviewer's vague 
assertion that I have elsewhere torn 


medieval contributions from their context 

and made them look more like their 

modern counterparts than they are, can- 

not be discussed as he gives no examples. 
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(2) As to the reviewer's criticism that | 
have “passed so lightly’’ over the “inter- 
vening period” between the great medieval 
scientific movement of the 13th and 14th 
centuries and the Scientific Revolution of 
the 16th and 17th centuries, the fact is that 
much basic research has yet to be done 
before any satisfactory general history can 
be written. But we know enough to show 
that the “uncertainties about the trans- 
mission” of medieval ideas to the 17th 
century are by no means “so many” as the 
reviewer supposes. (A detailed study of 
some aspects of the problem will be found 
in my recent book, Robert Grosseteste and 
the Origins of E xperimental Science.) 

Not content to wait until scholars have 
published their monographs the reviewer 
launches, with most misleading conviction, 
upon an explanation in terms of a well- 
known, exclusively sociological thesis. He 
attributes the relative doldrums of the 
Sth century, as far as science was con- 
cerned, entirely to “the incipient break-up 
of feudal society [which] brought a con- 
servative reaction of authority-worship 

““: even the literary transmission of 
earlier scientific achievements is found to 
have been driven “into a position some- 
thing like that of an underground move- 
ment’. (f recommend that the reviewer 
study the titles of early printed books 
published by Klebs and Sarton, respec- 
tively, in two articles in Osiris, 1938, 
Vols. 4-5.) Following what I suppose 
must be a reference to that excellent 
scholar Leonardo Olschki's estimation of 
the importance of the Italian “artist- 
engineers” in developing the habit of 
experimental measurement in the 15th and 
loth centuries, we find the reviewer 
attributing “the method of Galileo” to 
nothing but the play of sociological forces. 

How apt this a privri conception of 
history is to mislead is illustrated by 








the fact that the reviewer does not seem 
to have asked himself exactly how 
the contact of scholars with practical 
problems affected the development of 
science in the period covered by my book. 
No amount of special pleading can elimi- 
nate the evidence that long before what he 
describes as the “new opportunities [given 
to superior craftsmen] by the social con- 
ditions” of the ISth and 16th centuries, 
natural philosophers learnt, by dealing 
with practical problems, “to ask concrete 
and precise questions, to try to get answers 
by experiment” and measurement (p. 144). 
Naturally they encountered such problems 
first in subjects like medicine and astro- 
nomy (the calendar) which “has always 
heen in the scholarly sphere or were 
associated with monastic life’. It was in 
this sphere that the great medieval period 
of science had its being, and the second 
phase of the Scientific Revolution was 
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likewise. with a few notable exceptions, 
largely the creation of university men, 
whose interest in technology was by no 
means sO immediate as the reviewer 
would seem to believe. Even a person 
with the reviewer's preconceptions would 
probably agree that the great advances in 
science have been advances in theory, 
in the wnderstanding of observations: it Is 
to be expected that the men who made 
them should nearly all have been educated 
in such a manner as to give them a 
primary interest in theory and should have 
taken advantage of their education. 

| hope I show no lack of appreciation of 
the reviewer's remarks _on what he its 
kind enough to call the “positive points” 
of my book if I conclude * saying that a 
reader wishing to be accurately informed 
of my theme, as distinct from his. should 
consult the book itself. 
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Helen 
1953, 


The 
Wright (London, 
176 pp., 12s. 64.) 

No single scientific instrument has ever 

attracted more public interest than the 

huge telescope of the Palomar Observa- 
tory. It was in the early 1920s that the 
inspired idea of creating a 200-inch reflec- 
tor germinated in the brain of Dr. George 
Ellery Hale. When he retired from the 
directorship of the Mt. Wilson Observa- 
tory he put all his efforts into the realisa- 
tion of his vision. That he was the driving 
force behind the whole project rec -eived 
official recognition when the telescope, 
completed in 1947, nine years after his 
death, was named the Hale Telescope. 

This is the story of the conception, design- 

ing and construction of the instrument, 

told in all its exciting detail. 

The author ts Hale’s othcial biographer, 
and the book contains many intimate 
details about the early beginnings of the 
Palomar project which are not to be 
found in any other volume. There ts, for 
instance, the account of how Hale ex- 
plained his proposal for a telescope to 
“collect four times as much light as the 
100-inch, penetrate twice as far into space”’ 
to the Rockefeller Foundation, and asked 
for 6 million dollars to finance it. The 
foundation's director had never been 
asked for so much money in one lump 
before, and immediately contacted John 
D. Rockefeller. Back came the uncon- 
cerned reply, “| have complete confidence 
in the [foundation's] trustees, and tf 
they decide it is the wise thing to do, there 
certainly will never be any criticism trom 
me.” 

Finance seems to have presented the 
least difficultv. Indeed it is evident that 
the great industrial firms tumbled over 
themselves to provide free advice, and 
even to do development work on special 
problems without charge, considering it 
an honour to be associated with the project. 


Great Palomar Telescope by 
Faber & Faher, 


Real difficulties did, however, occur all 
along the way when it came to seitling 
practical details of design and construc- 
tion. Forexample, there was the complete 
failure of the attempt to make the giant 
mirror from fused quartz. To test the 
feasibility of using quartz, a mirror blank 
60 inches in diameter was prepared, but 
this had to be scrapped when it cracked 
during the cooling process. The final disc 
was, in fact, cast in Pyrex glass. That was 
done in 1936, but it was October 1947 
before the disc had been polished down to 
give the exact parabolic surface required. 
On the other hand, the final ‘silvering’ (by 
the vacuum aluminising technique) was 
achieved without a hitch, and only two 
months after the polishing was completed 
the first astronomical observation was 
made through the telescope. 

Many novel engineering problems had 
to be solved in connexion with the tele- 
scope tube and the mirror’s mounting. 
The ultimate 
precision and delicate adjustment. Its 
tube is as long as a large pleasure cruiser, 
and the whole telescope stands as high as 
a five-story building. And yet a ,', horse- 
power motor is sufficient to swing the 
telescope around the heavens, so smoothly 
does it run on its bearings! 

Some knowledge about telescopes and 
astronomy is needed if the reader is to 
extract the maximum amount of informa- 
tion from the book, but it will give enjoy- 
ment to many who are almost completely 
ignorant of such things. 


Sutton 
1953, 


Micrometeorology by O. G. 
(London, McGraw-Hill Book Co.. 
333 pp., 61s.) 

Professor Sutton has written a masterly 

summary of the facts known about micro- 

meteorology. These have not previously 
been collected under one cover—and few 
will quarrel with his selection and excellent 
arrangement. 
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instrument is a miracle of 


His method is to treat, in succession, 
eight aspects of the subject, viz: the 
Atmosphere at Rest: in Laminar: jp 
Turbulent Motion: Heat Transfer and 
Diffusion; Radiation; Near-Surface Tem- 
peratures; Near-Surface Winds: Diffusion 
and Evaporation. The author opens each 
of these sections with a simple, often 
Stimulating summary of the state. of 
knowledge on the topic. 

His detailed attack ts basically mathe- 
matical, but adequate and frequently 
illuminating discussions of the assump. 
tions and the physical facts involved are 
given throughout. Available theory has 
been integrated into a quasi-continuous 
historical narrative—and work from both 
hemispheres and from both sides of the 
lron Curtain has been relevantly  in- 
corporated. A feature of each section js 
its bibliography. 

To theoretical meteorologists this book 
will be compulsory reading until and 
unless new developments in_ micro- 
meteorology change the present face of the 
subject. To those working on atmo- 
spheric pollution, or on weather modifica- 
tion by means of ground generators, it 
will provide a necessary background, 
while both hydrologists and meteorolo- 
gists interested in agriculture or horti- 
culture may glean useful facts here. 

The book has been very carefully pre- 
pared. The reviewer found no errors in 
the text or the subject index, only one 
(typographical?) error in the bibliography 
(p. 157). and an occasional inconsistency 
in the name index. 

Although many would be willing to 
spend, say, another ten shillings for more 
diagrams, the body of the text ts very 
clearly set out and only a typographically 
unfortunate title page mars a well-printed 
book. G. L. HOGBEN 


The Rose in Britain by N. P. Harvey 
(London, Plant Protection Ltd., 3rd edn., 
1953; distributed bv Simpkin Marshall, 
IS] pp., 17s. 6d.) 

When this excellent book first appeared 

in 1951, Discovrry’s reviewer mentioned 

the qualities it shared with good scientific 
textbooks, and it certainly merited the 
description of “systematic, comprehensive 
and accurate’. The first edition was also 
remarkably up to date, and this quality 
has since been well maintained. This 
meant considerable revision when the 
third edition was being prepared, and the 
author has evidently gone to much trouble 
to include information about the best of the 
new rose varieties such as Armagh (intro- 
duced in 1950), Bacchus (1953), Border 

King (1950), Crimson Shower (1951), 

Fandango (1950), and Grandmaster (1951). 

In fact a perusal of this book makes one 

regard those relatively recent introduc- 

tions like Peace and Independence 4s 
almost old-fashioned ! 

In short, this book has no rival if one 
is looking for a comprehensive and up-to- 
date reference book. A special attrac tion 
is the set of 23 plates prepared from colour 
photographs which are a well-nigh perfect 
example of colour printing. 
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